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1
GATE VALVE

FIELD

The present disclosure relates to a gate valve which 1s
suitable for use 1n a pendulum valve, a direct acting valve,
or the like, which slidably operates a valve body 1n addition
to operation of opening and closing a flow passage using the
valve body (valve plate). Particularly, the present disclosure
relates to a gate valve which 1solates (closes) a flow passage
that connects two spaces having pressures different from
cach other and isolates a flow passage that connects two
spaces carrying out processings diflerent from each other 1n
a vacuum apparatus or the like and which releases this
1solated state (communicates the two spaces).

This application claims priority from Japanese Patent
Application No. 2018-044795 filed on Mar. 12, 2018, the
contents of which are incorporated herein by reference 1n
their entirety.

BACKGROUND

(Gate valves are provided 1n a vacuum apparatus or the
like, and the gate valves separate two spaces 1n which the
vacuum degrees thereof are different from each other such as
between a chamber and pipes, between pipes, between a
pipe and a pump, or the like; and the gate valves commu-
nicate the two spaces. As such a gate valve, various valves
are known.

For example, a structure 1s known 1n which a valve plate
1s 1nserted into a valve opeming-closing position of a tlow
passage by sliding a valve plate, furthermore, the flow
passage 1s separated (valve closing operation) or flow pas-
sages are communicated by operating the aforementioned
valve plate (valve opening operation) by operating this valve
plate. Additionally, the valve plate 1s moved to a safety
position located 1n a valve box from the flow passage by
sliding the valve plate. As a valve having such a structure,
a pendulum valve, a direct acting valve, a door valve, or the
like 1s known.

A direct acting gate valve has a constitution in which a
valve plate 1s disposed 1n a hollow portion of a valve box.
A first opening portion and a second opening portion con-
stituting a flow passage are formed at the valve box. The
valve plate 1s securely fixed to a valve rod (support body).
In this structure, the aforementioned valve plate 1s inserted
into the valve opening-closing position of the opening
portion (tlow passage) by moving straight the aforemen-
tioned valve rod 1n the longitudinal direction thereof, or the
alorementioned valve plate 1s moved to the safety position
at which the opening portion 1s not formed.

As a conventional direct acting gate valve, a gate valve 1s
known which 1s provided with a valve body that 1s config-
ured to include two of a first valve plate and a second valve
plate which are connected to each other with bellows
interposed therebetween, an actuator be disposed at the
center portion of the valve plate between these two valve
plates, and a valve box at which an opening portion consti-
tuting the flow passage 1s formed. In this gate valve, the flow
passage 1s closed due to the first valve plate coming in
contact with and pressing onto the peripheral inner surface
of the opening portion of the valve box by operating the
actuator, or the tlow passage 1s released due to separating the
first valve plate from the inner surface of the aforementioned
valve box by operating the actuator (for example, refer to
Patent Document 1).
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Additionally, a pendulum gate valve has a constitution 1n
which a valve box having a hollow portion, a support body,
and a valve body (a valve plate in the case of the structure
in which a seal ring plate 1s provided at an opening portion)
which 1s securely fixed to this support body. In the valve
box, a first opening portion and a second opening portion
constituting a flow passage are formed. The support body 1s
securely fixed to a rotation shaft in the hollow portion and
1s expanded 1n a direction parallel to the plane perpendicular
to the rotation shait. In this gate valve, the atorementioned
valve body 1s turned by rotating the aforementioned rotation
shaft, therefore, the above-described valve body 1s 1nserted
into the valve opening-closing position of the opening
portion (flow passage) or the above-described valve body 1s
moved to the safety position at which the opening portion 1s
not formed.

As a conventional pendulum gate valve, a constitution 1s
known 1n which a valve plate that 1s capable of rotating
around a rotation shaft in a hollow portion of a housing, a
slidable seal ring plate that 1s disposed at an opening portion
of the housing, and an actuator allowing the aforementioned
seal ring plate to slide on a flange formed integrally with the
housing are provided. In this gate valve, the flow passage 1s
closed due to the atorementioned seal ring plate coming 1n
contact with and pressing onto the atorementioned valve
plate, or the flow passage i1s released by separating the
aforementioned seal ring plate from the aforementioned
valve plate (for example, refer to Patent Document 2).

The actuator provided 1n this pendulum gate valve has a
structure 1n which a bolt, a ring-shaped chamber (cylinder),
a piston, and a spring are arranged in series 1n the sliding
direction of the seal ring plate. For this reason, when the
flow passage 1s being closed, the restorative force generated
in the spring 1s transmitted to the seal ring plate through the
piston, the cylinder, and the bolt.

As such a pendulum gate valve, a valve 1s disclosed which
airtightly blocks a flow passage, has degree of abrasion
resistance, and 1s ease 1n maintenance (for example, refer to
Patent Document 3). In this gate valve, an outer valve body
1s connected to a drive unit via an arm, and the outer valve
body vertically moves 1n an opening axis. Consequently, an
activation device which prompts the arm to vertically move
via a power transmission device needs a considerable driv-
ing power depending on an increase 1n a surface area of the
gate valve.

Additionally, 1n the case of applying the configuration
disclosed 1n Patent Document 3 to a large-scale gate valve,
in addition to that the volume of an O-ring that i1s to be
pressed increases, the O-ring 1s disposed at a position distant
from the rotation shaft. Because of this, since it 1s required
to design the rotation shaft so as to become a rigid body that
bears against a necessary moment load, 1t contributes to an
increase 1 a weight of the gate valve.

Accordingly, although the configuration disclosed 1n Pat-
ent Document 3 1s effective to a small gate valve, 1t 1s
unsuitable for a large-scale gate valve.

The inventors have developed a gate valve having a
configuration which can increase a surface area of the
alorementioned gate valve and can carry out isolation opera-
tion with a high degree of reliability by a simple configu-
ration, and filed a patent application (Patent Document 4). In
this gate valve, a movable valve that forms a valve body 1s
configured to include a plurality of movable valves 1n a
stacking direction (for example, a movable valve frame (first
movable valve), a movable valve plate (second movable
valve)), and an air cylinder (second force-applying unit) 1s
provided at a position at which both movable valves are
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connected. In order to drive the air cylinder, it has been
necessary to provide, inside the movable valve frame (first
movable valve), a line (supply line) that extends from the
outside of the gate valve to the air cylinder through the
rotation shaft of the gate valve and mtroduces compressed
air thereinto.

In the valve body structure in which the air cylinder or the
supply line are provided inside the gate valve as stated
above, although 1solation operation with a high degree of
reliability can be realized, a weight of the valve body
increases, a large driving power 1s necessary when the valve
body moves upward and downward or the valve body moves
while revolving, and therefore simplification of the configu-
ration of the valve body and weight saving thereof have been
required.

At the same time, although the gate valve becomes larger
in size 1n order to be able to carry out 1solation operation
using a large surface area thereol, a pressure of control tluid
(compressed air or the like) that 1s supplied to the gate valve
does not much increase. Consequently, 1n order to drive a
movable unit for a valve body or the like having an increased
weight, 1t 1s necessary to increase output of the movable unait,
and there 1s a tendency that volumes of components consti-
tuting the gate valve includes. However, space-saving 1s
always required in the apparatus, the manufacturing line, or
the like 1n which the gate valve 1s installed, and there was a
demand for space-saving and reduction in size for compo-
nents constituting the gate valve.

Moreover, 1in the mechanism including an air cylinder
inside the valve body, in the case where the proportion of the
surface area receiving a pressure to the valve body 1s, for
example, 25%, the cancellation rate of a back pressure 1s
approximately 75%, a large sealing force tends to be
required. Consequently, development of an excellent back
pressure cancellation mechanism has been expected. Here,
the back pressure means that a pressure 1s applied to a valve
body 1n a direction from a valve closed state to a valve
opened state, and a back pressure cancellation mechanism
means a mechanism that does not directly oppose the back
pressure (a mechamsm that does not generates a back
pressure).

Furthermore, a gate valve has been demanded which has
not only the high reliability of the 1solation operation using,
the large surface area but also has a normally close configu-
ration that closes a tlow passage during an emergency such
as shut down of power supply, stop of a driving pressure of
control fluid such as compressed air, or the like.

The normally close means that a flow passage 1s closed
and a flow passage closed state 1s maintained 1n a state where
a power source such as compressed air that drives a valve
body or the like 1s not operated when the valve carries out
isolation operation.

PATENT DOCUMENTS

(Patent Document 1) Japanese Patent No. 3425938
(Patent Document 2) Japanese Patent No. 363557135

(Patent Document 3) Japanese Unexamined Patent Applica-
tion, First Publication No. 2013-32840

(Patent Document 4) Japanese Patent No. 5613087

SUMMARY

[Mlustrative Problems to be Solved

The present disclosure was made with respect to the
above-described conventional situation, and a non-limiting
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4

includes a gate valve that can carry out 1solation operation
with a high degree of reliability, achueves a weight saving of

a movable valve, and realize 100% of a back pressure
cancellation rate, can carry out 1solation operation using a
large surface area thereof, achieves weight saving and
space-saving of components constituting the gate valve, and
has a normally close configuration.

Means for Solving the Problems

A gate valve according to a first aspect of the present
disclosure includes: a valve box having a hollow portion, a
first opening portion, and a second opening portion, the first
opening portion and the second opening portion being
provided so as to face each other with the hollow portion
interposed therebetween and forming a flow passage passing
through the hollow portion; a neutral valve body that 1s
arranged 1n the hollow portion of the valve box and is
capable of sealing the first opening portion; and a rotation
shaft that functions as a position switcher that drives the
neutral valve body between a valve sealing position at which
the neutral valve body 1s 1n a state of sealing the first opening
portion and a valve opening position at which the neutral
valve body 1s 1n an open state of being retracted from the first
opening portion, the rotation shait having an axis line
extending 1n a tlow passage direction. The neutral valve
body includes: a neutral valve connected to the position
switcher; and a movable valve connected to the neutral valve
so that a position thereot with respect to the neutral valve 1n
the flow passage direction 1s changeable. The movable valve
includes a first movable valve and a second movable valve,
the first movable valve including a seal portion that 1s
provided thereon, 1s circumierentially provided on the mov-
able valve, and 1s to be 1n close contact with a valve box
inner surface located at a periphery of the first opening
portion, the first movable valve being connected to the
neutral valve so that a position thereof with respect to the
neutral valve in the flow passage direction 1s changeable, the
second movable valve being slidable relative to the first
movable valve 1n the flow passage direction. The gate valve
includes: a plurality of first force-applying units built 1n the
valve box; a second force-applying umt disposed between
the first movable valve and the second movable valve; and
a third force-applying unit. The third force-applying unit
causes the first movable valve to connect the neutral valve
so that a position thereof with respect to the neutral valve 1n
the tflow passage direction 1s changeable, and the third
force-applying umt applies a force to the first movable valve
to be directed to a center position in the flow passage
direction. The first force-applying units are driven by incom-
pressible fluid and have a function of applying a force to the
first movable valve to be directed to the first opening portion
in the tflow passage direction and thereby causing the seal
portion to be 1n close contact with a valve box inner surface
located at the periphery of the first opening portion. The
second force-applying unit drives the first movable valve
and the second movable valve so that thicknesses thereof 1n
the flow passage direction are changeable. The gate valve
includes an imncompressible-flud driver that drives, the first
force-applying units by incompressible fluid. Accordingly,
the aforementioned problems are solved.

A gate valve according to a second aspect of the present
disclosure includes: a valve box having a hollow portion, a
first opening portion, and a second opening portion, the first
opening portion and the second opening portion being
provided so as to face each other with the hollow portion
interposed therebetween and forming a flow passage passing
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through the hollow portion; a neutral valve body that 1s
arranged in the hollow portion of the valve box and 1is
capable of sealing the first opening portion; and a rotation
shaft that functions as a position switcher that drives the
neutral valve body between a valve sealing position at which
the neutral valve body 1s 1n a state of sealing the first opening
portion and a valve opening position at which the neutral
valve body 1s 1n an open state of being retracted from the first
opening portion, the rotation shait having an axis line
extending in a flow passage direction. The neutral valve
body includes: a neutral valve connected to the position
switcher; and a movable valve connected to the neutral valve
so that a position thereot with respect to the neutral valve 1n
the flow passage direction 1s changeable. The movable valve
includes a first movable valve and a second movable valve,
the first movable valve including a seal portion that 1s
provided thereon, 1s circumierentially provided on the mov-
able valve, and 1s to be 1n close contact with a valve box
iner surface located at a periphery of the first opening
portion, the first movable valve being connected to the
neutral valve so that a position thereof with respect to the
neutral valve 1n the flow passage direction 1s changeable, the
second movable valve being slidable relative to the first
movable valve 1n the tlow passage direction. The gate valve
includes: a plurality of first force-applying units built in the
valve box; and a second force-applying unit disposed
between the first movable valve and the second movable
valve. The first force-applying units are driven by incom-
pressible fluid and have: a function of applying a force to the
first movable valve to be directed to the first opening portion
in the flow passage direction and thereby causing the seal
portion to be 1n close contact with a valve box inner surface
located at the periphery of the first opening portion; and a
function of causing the first movable valve to connect the
neutral valve so that a position thereof with respect to the
neutral valve 1n the flow passage direction 1s changeable and
applying a force to the first movable valve to be directed to
a center position 1n the tlow passage direction. The second
torce-applying unit drives the first movable valve and the
second movable valve so that thicknesses thereof 1n the tlow
passage direction are changeable. The gate valve includes an
incompressible-tluid driver that drives, the first force-apply-
ing units by mmcompressible fluid. Accordingly, the afore-
mentioned problems are solved.

The gate valve according to the first aspect of the present
disclosure includes: a valve box having a hollow portion, a
first opening portion, and a second opening portion, the first
opening portion and the second opening portion being
provided so as to face each other with the hollow portion
interposed therebetween and forming a flow passage passing
through the hollow portion; a neutral valve body that 1s
arranged 1n the hollow portion of the valve box and is
capable of sealing the first opening portion; and a rotation
shaft that functions as a position switcher that drives the
neutral valve body between a valve sealing position at which
the neutral valve body 1s 1n a state of sealing the first opening
portion and a valve opening position at which the neutral
valve body 1s 1n an open state of being retracted from the first
opening portion, the rotation shait having an axis line
extending in a flow passage direction. The neutral valve
body includes: a neutral valve connected to the position
switcher; and a movable valve connected to the neutral valve
so that a position thereof with respect to the neutral valve 1n
the tlow passage direction 1s changeable. The movable valve
includes a first movable valve and a second movable valve,
the first movable valve including a seal portion that 1s
provided thereon, 1s circumierentially provided on the mov-
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able valve, and 1s to be 1n close contact with a valve box
inner surface located at a periphery of the first opening
portion, the first movable valve being connected to the
neutral valve so that a position thereol with respect to the
neutral valve in the flow passage direction 1s changeable, the
second movable valve being slidable relative to the first
movable valve 1n the flow passage direction. The gate valve
includes: a plurality of first force-applying units built in the
valve box; a second force-applying unit disposed between
the first movable valve and the second movable valve:; and
a third force-applying unit. The third force-applying unit
causes the first movable valve to connect the neutral valve
so that a position thereot with respect to the neutral valve 1n
the flow passage direction 1s changeable, and the third
force-applying unit applies a force to the first movable valve
to be directed to a center position in the flow passage
direction. The first force-applying units are driven by incom-
pressible fluid and have a function of applying a force to the
first movable valve to be directed to the first opening portion
in the flow passage direction and thereby causing the seal
portion to be 1n close contact with a valve box inner surface
located at the periphery of the first opening portion. The
second force-applying unit drives the first movable valve
and the second movable valve so that thicknesses thereof 1n
the tlow passage direction are changeable. The gate valve
includes an incompressible-fluid driver that drives, the first
force-applying units by incompressible flud.

Accordingly, the third force-applying unit causes the first
movable valve to connect the neutral valve so that a position
thereol with respect to the neutral valve 1n the flow passage
direction 1s changeable, and the third force-applying unit
applies a force to the first movable valve to be directed to a
center position in the flow passage direction. The {irst
force-applying units are driven by the imncompressible-fluid
driver and have a function of applying a force to the first
movable valve to be directed to the first opening portion in
the flow passage direction and thereby causing the seal
portion to be 1n close contact with a valve box inner surface
located at the periphery of the first opening portion. The
second force-applying unit 1s built 1n the movable valve and
drives the first movable valve and the second movable valve
so that thicknesses thereotf 1n the flow passage direction are
changeable.

A gate valve according to the second aspect of the present
disclosure includes: a valve box having a hollow portion, a
first openming portion, and a second opening portion, the first
opening portion and the second opening portion being
provided so as to face each other with the hollow portion
interposed therebetween and forming a flow passage passing
through the hollow portion; a neutral valve body that 1s
arranged 1n the hollow portion of the valve box and is
capable of sealing the first opening portion; and a rotation
shaft that functions as a position switcher that drives the
neutral valve body between a valve sealing position at which
the neutral valve body 1s 1n a state of sealing the first opening
portion and a valve opening position at which the neutral
valve body 1s 1n an open state of being retracted from the first
opening portion, the rotation shait having an axis line
extending in a flow passage direction. The neutral valve
body includes: a neutral valve connected to the position
switcher; and a movable valve connected to the neutral valve
so that a position thereof with respect to the neutral valve 1n
the tlow passage direction 1s changeable. The movable valve
includes a first movable valve and a second movable valve,
the first movable valve including a seal portion that 1s
provided thereon, 1s circumierentially provided on the mov-
able valve, and 1s to be 1n close contact with a valve box
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inner surface located at a periphery of the first opening
portion, the first movable valve being connected to the
neutral valve so that a position thereof with respect to the
neutral valve in the flow passage direction 1s changeable, the
second movable valve being slidable relative to the first
movable valve 1n the flow passage direction. The gate valve
includes: a plurality of first force-applying units built in the
valve box; and a second force-applying unit disposed
between the first movable valve and the second movable
valve. The first force-applying units are driven by incom-
pressible tluid and have: a function of applying a force to the
first movable valve to be directed to the first opening portion
in the tlow passage direction and thereby causing the seal
portion to be in close contact with a valve box inner surface
located at the periphery of the first opening portion; and a
function of causing the first movable valve to connect the
neutral valve so that a position thereof with respect to the
neutral valve 1n the flow passage direction 1s changeable and
applying a force to the first movable valve to be directed to
a center position 1n the tlow passage direction. The second
force-applying unit drives the first movable valve and the
second movable valve so that thicknesses thereof 1n the tflow
passage direction are changeable. The gate valve includes an
incompressible-fluid driver that drives, the first force-apply-
ing units by incompressible fluid.

Consequently, the first force-applying units are driven by
the incompressible-fluid driver and have a function of apply-
ing a force to the first movable valve to be directed to the
first opening portion in the flow passage direction and
thereby causing the seal portion to be 1n close contact with
a valve box inner surface located at the periphery of the first
opening portion. The second force-applying unit causes the
first movable valve and the second movable valve to connect
the neutral valve so that positions thereof with respect to the
neutral valve 1n the tlow passage direction are changeable,
the second force-applying unit has a function of applying a
force to the first movable valve and the second movable
valve to be directed to a center position in the tlow passage
direction. The second force-applying unit drives the first
movable valve and the second movable valve so that thick-
nesses thereof 1n the flow passage direction are changeable.

In gate valve according to the first aspect of the present
disclosure, each of the first force-applying units may be
disposed at a position at which the first force-applying unit
acts with respect to the first movable valve 1n the valve box
and may be provided along the first movable valve.

In gate valve according to the first aspect of the present
disclosure, the first force-applying units may apply tensile
force to the first movable valve.

In gate valve according to the first aspect of the present
disclosure, the first force-applying unmits may apply a com-
pressive force to the first movable valve.

In gate valve according to the first aspect of the present
disclosure, the third force-applying unit may be a plate
spring or a coil spring.

Non-limiting Effects In the gate valve according to the
first aspect of the present disclosure, the movable valve
disposed 1nside the hollow portion of the valve box 1is
configured to include the first movable valve and the second
movable valve. The gate valve has a valve structure that
includes: a first movable valve; a second movable valve that
1s fitted into the first movable valve 1n a state of being
slidable and sealable with respect to the first movable valve
in the axial direction; and a neutral valve body that holds the
first movable valve via a second force-applying umnit.

Additionally, the gate valve according to the first aspect of
the present disclosure includes a third force-applying unit
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that connects the first movable valve to the neutral valve so
that a position thereof with respect to the neutral valve 1n the
flow passage direction 1s changeable and applies a force to
the first movable valve to be directed to a center position in
the flow passage direction.

Furthermore, the gate valve according to the first aspect of
the present disclosure includes a first force-applying umit
that 1s provided inside the valve box, presses the first
movable valve 1n a direction toward a sealing face of a valve
box 1nner surface, and constitutes a lifting and lowering
mechanism that 1s driven by the incompressible-fluid driver
and 1s capable of extending and contracting.

According to this configuration, since the structure 1is
obtained 1n which the valve body 1s configured to include
two of the first movable valve and the second movable valve
and two of the second force-applying unit and the third
force-applying unit and another first force-applying umit 1s
built 1n the valve box, weight saving of the valve structure
by the weight of the first force-applying unit 1s achieved.

In the gate valve according to the first aspect of the
present disclosure, the first force-applying unit works 1n the
case where the gate valve becomes in the valve closed state
from the valve opened state, and adversely the third force-
applying umit works 1n the case where the gate valve
becomes i1n the valve opened state from the valve closed
state.

Moreover, due to the first force-applying unit driven by
the 1ncompressible-fluid driver, normally-close operation
can be achieved.

In addition, according to the second aspect of the present
disclosure, i1t 1s possible to achieve the configuration 1n
which the first force-applying unit also has the function of
the third force-applying unit. Consequently, since weight
saving of the valve structure 1s further achieved, 1t 1s more
preferable.

Here, as the incompressible-fluid driver, for example, a
device that can be drniven by a hydraulic pressure can
adopted.

In the conventional gate wvalve, the wvalve structure
includes the air cylinder, a supply line 1s necessary which
introduces compressed air into the air cylinder, and therefore
the valve structure thereol was complicated. In contrast, the
first force-applying umt according to the above-mentioned
aspect of the present disclosure 1s disposed 1n the valve box,
1s not included 1n the valve body structure, and 1s driven by
the incompressible-fluid driver, and therefore contributes to
simplification of the valve body structure.

Moreover, 1 the gate valve according to the above-
mentioned aspects of the present disclosure, as the configu-
ration 1s adopted 1n which the first force-applying unit 1s
provided inside the valve box, since the valve box can
receive reactive force of the O-ring to be pressed 1n the gate
valve, the rigid body that forms the rotation shaft and the
neutral valve can be designed without consideration of the
reactive force of the O-ring. This contributes to weight
saving of the valve structure.

In the conventional gate valve, an air cylinder having a
back pressure cancellation rate of approximately 75% 1s
used. In contrast, according to the aspects of the present
disclosure, since the first force-applying unit 1s adopted
which constitutes the lifting and lowering mechanism press-
ing the first movable valve 1n the direction toward the
sealing face, 100% of a back pressure cancellation rate 1s
obtained.

As a result, 1n the gate valve according to the above-
mentioned aspects of the present disclosure, it 1s possible to
provide a gate valve that can carry out 1solation operation
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with a high degree of reliability, achieves a weight saving of
a movable valve, and can realize 100% of a back pressure
cancellation rate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a horizontal cross-sectional view showing a
configuration of a gate valve according to an embodiment of
the present disclosure.

FIG. 2 1s a vertical cross-sectional view showing the
configuration of the gate valve according to the embodiment
ol the present disclosure and 1s a view showing a case where
a valve body 1s disposed at a position (FREE) at which a
retraction operation can be carried out.

FIG. 3 1s an enlarged view showing a relevant part taken
along the line segment A-O shown 1n FIG. 1 and 1s a view
showing a case where the valve body 1s disposed at a
position (FREE) at which a retraction operation can be
carried out.

FIG. 4 1s an enlarged view showing a relevant part taken
along the line segment B-O shown 1n FIG. 1 and 1s a view
showing a case where the valve body 1s disposed at a
position (FREE) at which a retraction operation can be
carried out.

FIG. 5 1s an enlarged view showing a relevant part taken
along the line segment C-O shown 1n FIG. 1 and 1s a view
showing a case where the valve body 1s disposed at a
position (FREE) at which a retraction operation can be
carried out.

FIG. 6 1s an enlarged view showing a relevant part of a
torce-applying unit C shown in FIG. 2 and 1s a view showing
a case where the valve body 1s disposed at a position (FREE)
at which a retraction operation can be carried out.

FIG. 7 1s a vertical cross-sectional view showing the
configuration of the gate valve according to the embodiment
of the present disclosure and 1s a view showing a case where
the valve body 1s disposed at a valve closing position
(positive pressure or non-diflerential pressure).

FIG. 8 1s an enlarged view showing a relevant part taken
along the line segment A-O shown 1 FIG. 1 and 1s a view
showing a case where the valve body 1s disposed at a valve
closing position (positive pressure or non-differential pres-
sure).

FIG. 9 1s an enlarged view showing a relevant part taken
along the line segment B-O shown 1n FIG. 1 and 1s a view
showing a case where the valve body 1s disposed at a valve
closing position (positive pressure or non-diflerential pres-
sure).

FIG. 10 1s an enlarged view showing a relevant part taken
along the line segment C-O shown 1n FIG. 1 and 1s a view
showing a case where the valve body 1s disposed at a valve
closing position (positive pressure or non-differential pres-
sure).

FIG. 11 1s an enlarged view showing a relevant part of a
torce-applying unit C shown in FIG. 7 and 1s a view showing
a case where the valve body 1s disposed at a valve closing
position (positive pressure or non-diflerential pressure).

FIG. 12 1s a vertical cross-sectional view showing the
configuration of the gate valve according to the embodiment
of the present disclosure and 1s a view showing a case where
the valve body 1s disposed at a back pressure position.

FIG. 13 1s an enlarged view showing a relevant part taken
along the line segment A-O shown 1n FIG. 1 and 1s a view
showing a case where the valve body 1s disposed at a back
pressure position.
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FIG. 14 1s an enlarged view showing a relevant part taken
along the line segment B-O shown 1n FIG. 1 and 1s a view

showing a case where the valve body 1s disposed at a back
pressure position.

FIG. 15 1s an enlarged view showing a relevant part taken
along the line segment C-O shown 1n FIG. 1 and 1s a view
showing a case where the valve body 1s disposed at a back
pressure position.

FIG. 16 1s a view showing a ball plunger mechanism used
in a modified example of the embodiment of the present
disclosure.

FIG. 17 1s a vertical cross-sectional view showing a
configuration of a gate valve according to a modified
example of the embodiment of the present disclosure and 1s
a view showing a case where the valve body 1s disposed at
a position (FREE) at which a retraction operation can be
carried out.

FIG. 18 1s a vertical cross-sectional view showing the
configuration of the gate valve according to a modified
example of the embodiment of the present disclosure and 1s
a view showing a case where the valve body 1s disposed at
a valve closing position (positive pressure or non-differential
pressure).

FIG. 19 1s a vertical cross-sectional view showing the
configuration of the gate valve according to a modified
example of the embodiment of the present disclosure and 1s
a view showing a case where the valve body 1s disposed at
a back pressure position.

FIG. 20 1s a horizontal cross-sectional view showing a
configuration of a conventional gate valve.

FIG. 21 1s a vertical cross-sectional view showing the
configuration of the conventional gate valve and 1s a view
showing a case where a valve body 1s disposed at a position
at which a retraction operation can be carried out.

FIG. 22 1s a vertical cross-sectional view showing the
configuration of the conventional gate valve and 1s a view
showing a case where the valve body 1s disposed at a valve
closing position.

FIG. 23 1s an explanatory schematic diagram showing a
hydraulic driver and a first force-applying unit of the gate
valve according to the embodiment of the present disclosure.

FIG. 24 1s an explanatory perspective view showing an
arrangement ol the first force-applying units of the gate
valve according to the embodiment of the present disclosure.

FIG. 25 1s an explanatory perspective view showing an
arrangement ol the first force-applying units of the gate
valve according to the embodiment of the present disclosure.

FIG. 26 1s a cross-sectional view showing a hydraulic
pressure generator of the hydraulic driver of the gate valve
according to the embodiment of the present disclosure.

FIG. 27 1s a cross-sectional view showing the hydraulic
pressure generator ol the hydraulic driver of the gate valve
according to the embodiment of the present disclosure.

FIG. 28 1s a cross-sectional view showing the hydraulic
pressure generator of the hydraulic driver of the gate valve
according to the embodiment of the present disclosure.

LL

DETAILED DESCRIPTION

Herematter, a gate valve according to one or more
embodiments the present disclosure will be described with
reference to drawings.

In the drawings used for explanation described below, 1n
order for the respective components to be of understandable
size 1n the drawings, the dimensions and the proportions of
the components are modified as needed compared with the
real components.
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The techmical scope of the present disclosure i1s not
limited to the embodiments which will be described below,

but various modifications may be made without departing
from the scope of the present disclosure.

In the embodiment, a movable valve A corresponds to a
first movable valve of the present disclosure, and a movable
valve B corresponds to a second movable valve. Addition-
ally, a force-applying unit A corresponds to a first force-
applying unit of the present disclosure, a force-applying unit
B corresponds to a second force-applying unit of the inven-
tion, and a force-applying unit C corresponds to a third
force-applying unit of the present disclosure.

Embodiment

FIG. 1 1s a plan view showing a configuration of the gate
valve according to the embodiment.

FIG. 2 1s a vertical cross-sectional view showing the
configuration of the gate valve according to the embodiment
and 1s a view showing a case where the valve body is
disposed at a position (FREE) at which a retraction opera-
tion can be carried out. FIG. 2 corresponds to the line
segment B-O-C shown 1 FIG. 1. Similar to FIG. 2, FIGS.
3 to 6 are views showing a case where the valve body 1s
disposed at a position (FREE) at which a retraction opera-
tion can be carried out.

FIG. 3 1s an enlarged view showing a relevant part taken
along the line segment A-O shown 1n FIG. 1 and 1s a view
showing configurations of members located close to the
force-applying unit A that 1s bwlt 1n the valve box.

FIG. 4 1s an enlarged view showing a relevant part taken
along the line segment B-O shown 1n FIG. 1 and 1s a view
showing configurations of members located close to the
force-applying unit B disposed between the movable valve
A and the movable valve B.

FIG. 5 1s an enlarged view showing a relevant part taken
along the line segment C-O shown 1n FIG. 1 and 1s a view
showing the movable valve A and the movable valve B at a
position at which the force-applying unit A and the force-
applying unit B are not present.

FIG. 6 1s an enlarged view showing a relevant part of the
torce-applying unit C shown in FIG. 1 and 1s a view showing
the force-applying unit C as seen in the paperface depth
direction 1n FIG. 2.

FIG. 7 1s a vertical cross-sectional view showing the
configuration of the gate valve according to the embodiment
and 1s a view showing a case where the valve body is
disposed at a valve closing position (positive pressure or
non-differential pressure). FIG. 7 corresponds the line seg-
ment B-O-C shown 1n FIG. 1. Similar to FIG. 7, FIGS. 8 to
11 are views showing a case where the valve body 1s
disposed at a valve closing position (positive pressure or
non-differential pressure).

FIG. 8 1s an enlarged view showing a relevant part taken
along the line segment A-O shown 1n FIG. 1 and 1s a view
showing configurations of members located close to the
force-applying unit A that 1s bwlt 1n the valve box.

FIG. 9 1s an enlarged view showing a relevant part taken
along the line segment B-O shown 1n FIG. 1 and 1s a view
showing configurations of members located close to the
force-applying unit B disposed between the movable valve
A and the movable valve B.

FIG. 10 1s an enlarged view showing a relevant part taken
along the line segment C-O shown 1n FIG. 1 and 1s a view
showing the movable valve A and the movable valve B at a
position at which the force-applying unit A and the force-
applying unit B are not present.
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FIG. 11 1s an enlarged view showing a relevant part of the
force-applying unit C shown in FIG. 1 and 1s a view showing
the force-applying unit C as seen in the paperface depth
direction 1n FIG. 7.

FIG. 12 1s a vertical cross-sectional view showing the
configuration of the gate valve according to the embodiment
and 1s a view showing a case where the valve body is
disposed at a back pressure position. FIG. 12 corresponds
the line segment B-O-C shown in FIG. 1. Stmilar to FIG. 12,
FIGS. 13 to 15 are views showing a case where the valve
body 1s disposed at a back pressure position.

FIG. 13 1s an enlarged view showing a relevant portion
taken along the line segment A-O shown 1n FIG. 1 and 1s a
view showing configurations of members located close to
the force-applying unit A that 1s built 1n the valve box.

FIG. 14 1s an enlarged view showing a relevant part taken
along the line segment B-O shown 1n FIG. 1 and 15 a view
showing configurations of members located close to the
force-applying unit B disposed between the movable valve
A and the movable valve B.

FIG. 15 1s an enlarged view showing a relevant part taken
along the line segment C-O shown 1n FIG. 1 and 1s a view
showing the movable valve A and the movable valve B at a
position at which the force-applying unit A and the force-
applying unit B are not present.

FIG. 23 1s an explanatory schematic diagram showing a
hydraulic driver and the force-applying unit A shown m FIG.
2.

FIG. 24 1s an explanatory perspective view showing an
arrangement of the force-applying umts A shown in FIG. 2.

FIG. 25 1s an explanatory perspective view showing an
arrangement of the force-applying umts A shown in FIG. 2.

FIGS. 26 to 28 are cross-sectional views showing the

hydraulic driver shown 1 FIG. 2.
(Pendulum Gate Valve)

As shown 1n FIGS. 1 to 15, a gate valve 100 according to
one or more embodiments of the present disclosure 1s a
pendulum gate valve.

The gate valve 100 includes: a hollow portion 11; a valve
box 10 having a first opening portion 12a¢ and a second
opening portion 125 which face each other so as to sandwich
the hollow portion 11 therebetween and form a tlow passage
communicating the hollow portion 11; and a neutral valve
body 5 that 1s disposed inside the hollow portion 11 of the
valve box 10 and can seal the first opening portion 12a.

A flow passage H 1s set so as to be directed from the first
opening portion 124 to the second opeming portion 1256. Note
that, 1n the following explanation, the direction along the
flow passage H will be referred to as a flow passage direction
H.

The gate valve 100 functions as a position switcher that
drives the neutral valve body 5 between: a valve sealing
position at which the neutral valve body 5 1s 1n a state of
sealing the first opening portion 12a (FIG. 7); and a valve
opening position at which the neutral valve body 5 1s 1n an
open state of being retracted from the first opening portion
12a (FIG. 2). In addition, the gate valve 100 includes a
rotation shaft 20 having an axis line extending in the flow
passage direction H.

The neutral valve body 5 1s configured to include: a
neutral valve 30 that 1s connected to the position switcher
(neutral valve body 5); and a movable valve 40 that 1s
connected to the neutral valve 30 so that the position thereof
with respect to the neutral valve 1n the tlow passage direction
H is changeable.

The movable valve 40 includes a movable valve A60
(movable valve frame) and a movable valve B50 (movable
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valve plate). A first seal portion 61 that 1s circumierentially
provided on the movable valve A and 1s to be 1n close contact
with the inner surface of the valve box 10 located around the
first opening portion 12a 1s provided on the movable valve
A60 (movable valve frame). The movable valve BS0 (mov- 5
able valve plate) 1s slidable relative to the movable valve
A60 (movable valve frame) 1n the flow passage direction H.

A plurality of force-applying umts A70 (a piston corre-
sponding to a previous main spring) are built in the valve
box 10. The force-applying unit A70 disposed inside the 10
valve box 10 constitutes a lifting and lowering mechanism
that presses the movable valve A60 1n a direction toward a
sealing face and can extend and contract. The force-applying
unit A70 1s connected to a hydraulic driver (incompressible-
fluid driver) 700 and 1s driven by a hydraulic pressure. 15

Consequently, the force-applying unit A70 has a function
of applying a force to the movable valve A60 in the flow
passage direction H toward the first opening portion 12a and
thereby causing the first seal portion 61 to be 1n close contact
with the inner surface of the valve box 10 located around the 20
first opening portion 12a.

In addition, the gate valve according to one or more
embodiments of the present disclosure includes the force-
applying unit C that connects the movable valve A to the
neutral valve so that the position thereof with respect to the 25
neutral valve in the flow passage direction 1s changeable and
applies a force to the movable valve A to be directed to a
center position 1n the tlow passage direction.

Furthermore, the gate valve according to one or more
embodiments of the present disclosure includes the force- 30
applying unit A that constitutes the lifting and lowering
mechanism that presses the movable valve A 1n the direction
toward the sealing face of a valve box 1nner surface 10A and
can extend and contract 1n the valve box.

According to this configuration, since the structure 1s 35
obtained 1n which the valve body 1s configured to include
two movable valves A and B and one force-applying unit B
and the structure 1s obtained in which another force-applying
unit A 1s built 1n the valve box, weight saving of the valve
structure by the weight of the force-applying unit A 1s 40
achieved. In the gate valve according to the embodiment of
the present disclosure, the force-applying unit A works in the
case where the gate valve becomes the valve closed state
(FIG. 7) from the valve opened state (FIG. 2); reversely, the
force-applying unit C works 1n the case where the gate valve 45
becomes the valve opened state (FIG. 2) from the valve
closed state (FIG. 7).

The force-applying unit B (a spring corresponding to a
previous air cylinder) 1s disposed (built in the movable
valve) between the movable valve A60 (movable valve 50
frame) and the movable valve B50 (movable valve plate).
The force-applying unit B drives the movable valve A60
(movable valve frame) and the movable valve B (movable
valve plate) so that the thicknesses thereof in the flow
passage direction H are adjustable. 55

When the rotation shait 20 rotates in a direction repre-
sented by reference numeral R1 (1n the direction intersecting
with the direction of the flow passage H), 1n accordance with
this rotation, the neutral valve 30 that 1s fixed to the rotation
shaft 20 with a connection member (not shown 1n the figure) 60
interposed therebetween also rotates i a direction R1.
Additionally, since the movable valve 40 1s connected to the
neutral valve 30 so as to be slidable relative to the neutral
valve only in the thickness direction, the movable valve 40
rotates 1ntegrally with the neutral valve 30. 65

As the neutral valve 30 rotates 1n the above-described
manner, the movable valve 40 moves 1 pendulum motion
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from a safety position corresponding to the hollow portion
11 1n which the flow passage H 1s not provided to a valve
closing position of the of the flow passage H which 1s a
position corresponding to the first opening portion 12a.

Furthermore, the force-applying unit A70 built 1 the
valve box 10 1s configured of: a hydraulic pressure drive unit
(ixed portion) 71 that 1s disposed inside the valve box 10
and can be driven by a hydraulic pressure (pressurized
incompressible fluid) supplied from the hydraulic driver
700; and a movable portion 72 that can extend and contract
in a direction from the fixed portion 71 toward the movable
valve A60 by the hydraulic pressure drive unit (fixed por-
tion) 71.

Additionally, a ring-shaped seal member (O-ring) 75 1s
provided around the movable portion 72 and at a front-end
side position of the movable portion 72. The movable
portion 72 1s extendable 1n a state where the movable portion
72 1s sealed so that a vacuum side (vacuum space) in which
the movable valve A60 1s disposed is 1solated from the
hydraulic pressure drive unit (fixed portion) 71 by the seal
member 75.

Accordingly, the force-applying unit A70 has a function
of causing the front-end portion of the force-applying unit
A70 to come 1nto contact with the movable valve A60 by a
hydraulic pressure and thereby moving the movable valve
A60 toward the first opening portion 12a.

As the force-applying unit A70 has a function of causing
the movable valve A60 to move toward the first opening
portion 12a, the movable valve A60 comes 1nto contact with
the 1nner surface of the valve box 10, the movable valve A60
1s pressed against the inner surface of the valve box 10, the
flow passage H 1s closed (valve closing operation).

Reversely, as a force-applying unit C90 has a function of
separating the movable valve A60 from the first opening
portion 12a, the movable valve A60 1s separated from the
inner surface of the valve box 10, thereafter the movable
valve A60 1s retracted, and the flow passage H 1s opened
(release operation).

The valve closing operation and the release operation are
possible due to mechanical contact operation using the
force-applying unit A70 that causes the movable valve A60
to come 1nto contact with the inner surface of the valve box
10 and due to mechanical separation operation using the
force-applying unit C90 that separates the movable valve
A60 from the inner surface of the valve box 10.

After the release operation, when the rotation shaft 20
rotates 1n a direction represented by reference numeral R2
(retraction operation), 1n accordance with this rotation, the
neutral valve 30 and the movable valve 40 (that is, the
movable valve A60 and the movable valve B30) also rotate
in the direction R2.

Moreover, the force-applying unit B that drives the mov-
able valve A60 and the movable valve B30 so that the
thicknesses thereol in the flow passage direction H are
adjustable 1s disposed between the movable valve A and the
movable valve B. That 1s, the force-applying unit B 1s built
in the movable valve. As the force-applying unit B exists, the
movable valve A and the movable valve B cooperatively
work 1n a series of operations (valve closing operation,
release operation, and retraction operation).

By the release operation and the retraction operation,
valve opening operation 1s carried out in which the movable
valve 40 retracts from the aforementioned valve opening-
closing position to the alforementioned safety position and 1s
in a valve open state.

As stated above, 1n the gate valve according to one or
more embodiments of the present disclosure, the structure 1s
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obtained 1n which the valve body 1s configured to include:
two of the movable valve A60 and the movable valve B50;
and two of the force-applying umt B80 and the force-
applying unit C90 and in which another force-applying unit
A 1s built 1n the valve box. That 1s, 1n the embodiment of the
present disclosure, weight saving of the valve body by the

weight of another force-applying umt A built 1n the valve
box 1s achieved.

As a result, 1n the embodiment of the present disclosure,
it 1s possible to provide a gate valve that can carry out
1solation operation with a high degree of reliability, achueves
a weight saving of a movable valve, and can realize 100%

of a back pressure cancellation rate.
(Valve Box 10)

The valve box 10 1s configured to include a frame having,
a hollow portion 11. The first opening portion 12a 1is
provided on the upper face of the frame shown 1n figure, and
the second opening portion 125 1s provided on the lower face
of the frame shown 1n figure.

The gate valve 100 1s to be 1nserted between a space (first
space) to which the first opening portion 12a 1s exposed and
a space (second space) to which the second opening portion
1256 1s exposed. The gate valve 100 separates (closes) the
flow passage H communicating the first opening portion 12a
to the second opening portion 125, that 1s, the flow passage
H communicating the first space to the second space, and
releases this separated state (communicates the first space to
the second space).

In the hollow portion 11 of the valve box 10, the rotation
shaft 20, the neutral valve 30, two of the movable valve A60
(slide valve plate) and the movable valve B50 (counter
plate) which form the movable valve 40, and two of the
force-applying unit B80 (holding spring) and the force-
applying unit C90 (auxiliary spring) are provided. The
torce-applying unit A (lifting and lowering mechanism) 1s
provided inside the frame forming the valve box 10.
(Rotation Shatt 20)

The rotation shatt 20 extends 1n a state of being substan-
tially parallel to the flow passage H, penetrates through the
valve box 10, and 1s rotatably provided. The rotation shait 20
1s rotatable by a drive unit which 1s not shown 1n the figure.

A connection member (not shown 1n the figure) 1s firmly
attached to the rotation shaft 20. The connection member 1s,
for example, a member formed in a substantially flat plate,
and 1s firmly attached to one end of the rotation shatt 20 by
a SCrew.

(Neutral Valve 30)

The neutral valve 30 extends 1n a direction orthogonal to
the axis line of the rotation shaft 20 and 1s disposed so as to
be included 1n a plane parallel to the direction. The neutral
valve 30 1s directly fixed to the rotation shait 20 via a
connection member (not shown 1n the figure) or without a
connection member (not shown in the figure).

As shown in FIG. 1, the neutral valve 30 includes: a
circular portion 30q that overlaps the movable valve 40; and
a rotation portion 305 that rotates the circular portion 30a 1n
accordance with rotation of the rotation shaft 20. The
rotation portion 305 1s located between the rotation shaft 20
and the circular portion 30q and i1s formed 1n an arm shape
such that two arms extend in a direction from the rotation
shaft 20 to the circular portion 30a. Consequently, the
circular portion 30a may be referred to as an arm portion.

The rotation shaft 20 and the neutral valve 30 which are
mentioned above rotate with respect to the valve box 10 but
1s provided so that the positions thereotf do not vary 1n the
direction of the tlow passage H.
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The rotation shaft 20 can be selectively connected to any
of the upper side and the lower side in the flow passage
direction H with respect to the neutral valve 30. Alterna-
tively, the entire neutral valve body 5, that 1s, both surfaces
of the neutral valve body 5 can be attached to the rotation
shait 20.

In the embodiment, the case will be described where
operation of opening and closing the gate valve 1s carried out
in accordance with the placement of the gate valve in which
the neutral valve body 5 moves so that the movable valve 40
blocks the first opening portion 12a when the gate valve 1s
closed.

(Movable Valve 40, Movable Valve B50 (Movable Valve
Plate: Counter Plate), and Movable Valve A60 (Movable
Valve Frame: Slide Valve Plate))

The movable valve 40 1s formed 1n a substantially disk
shape and includes: the movable valve B50 that 1s formed 1n
a substantially concentric form with respect to the circular
portion 30q; and the movable valve A60 that 1s disposed so
as to surround the circumierence of the movable valve B50
and 1s formed in a substantially circular ring shape. The
movable valve A60 is slidably connected to the neutral valve
30 1n the direction of the tlow passage H. Moreover, the
movable valve B30 1s slidably fitted into the movable valve
A60.

The movable valve B50 and the movable valve A60 can
move and slide by the force-applying unit B80 (holding
spring) 1n the direction (reciprocal direction) represented by
reference numerals B1 and B2 (FIG. 2). Here, the direction
represented by reference numerals B1 and B2 1s a direction
perpendicular to the surfaces of the movable valve B50 and
the movable valve A60, and 1s the direction of the flow
passage H parallel to the axial direction of the rotation shaft
20.

Additionally, an mner-crank portion 50c¢ 1s formed on the
entire region near the outer-periphery of the movable valve
B30. In addition, an outer-crank portion 60c¢ 1s formed on the
entire region near the mner-periphery of the movable valve
A60.

In the embodiment, the outer-crank portion 60c has a
sliding surface 606 parallel to the direction of the flow
passage H. The inner-crank portion 50c¢ has a sliding surtace
506 parallel to the direction of the flow passage H. The
outer-crank portion 60c and the inner-crank portion S0c¢ are
fitted to each other so that the sliding surfaces 506 and 605
are slidable to each other. In order to achieve this sliding, a
third seal portion 52 (slide sealing packing) formed of an
O-ring or the like 1s disposed between the outer-crank
portion 60c¢ and the mner-crank portion 50c.

The first seal portion 61 (valve plate sealing packing) that
1s formed 1n a circular ring shape so as to correspond to the
shape of the first opening portion 12q and 1s formed of, for
example, an O-ring or the like 1s provided on the surface of
the movable valve A60 which 1s opposed to (in contact with)
the 1nner surface of the valve box 10.

In the case where the movable valve 40 covers the first
opening portion 12a when the gate valve 1s closed, the first
seal portion 61 1s 1n contact with the valve box inner surface
10A of the valve box 10 which forms the circumierential
edge of the first opening portion 12a, and 1s pressed by the
movable valve A60 and the valve box inner surface 10A of
the valve box 10. Because of this, the first space 1s reliably
1solated from the second space (separated state 1s ensured).

A second seal portion 51 (counter cushion) that 1s formed
in a circular ring shape so as to correspond to the shape of
the second opening portion 126 and i1s formed of, for
example, O-ring or the like 1s provided on the surface of the
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movable valve B50 which 1s opposed to (1in contact with) the
valve box inner surface 10A of the valve box 10.
(Force-Applying Unit B80 (Holding Spring))

The force-applying unit B80 (holding spring) 1s located
between the movable valve A and the movable valve B and
1s locally disposed on the region on which the movable valve
A60 overlaps the movable valve B50. That 1s, the force-
applying unit B80 1s built 1n the movable valve 40 (between
movable valve A60 and the movable valve B30). The points
at which the force-applying units B80 are provided are
preferably three points or more and are separated from each
other. As alignment in which the force-applying units B80
are separated from each other, 1t 1s not limited to alignment
having even intervals, and a configuration may be adopted
in which a plurality of force-applying units B80 are disposed
at uneven intervals. FIG. 1 shows a configuration example 1n
which three force-applying units B80 are disposed at the
same angular positions (120 degrees) as each other as seen
from the center O of the valve body.

The force-applying unit B80 1s configured to guide (limait)
movement of the movable valve B by a long axis portion of
a bolt-shaped guide pin 81 fixed to the movable valve A60
(movable valve frame: slide valve plate). A holding spring
forming the force-applying unit B80 1s made of an elastic
member (for example, spring, rubber, or the like).

The force-applying unit B80 (holding spring) drives the
movable valve A60 and the movable valve B30 so that the
thicknesses thereol in the flow passage direction H are
adjustable. Accordingly, the movable valve B350 works
cooperatively with movement of the movable valve A60 1n
a direction (direction represented by reference numeral Bl
or direction represented by reference numeral B2). At this
time, since the movable valve BS50 drives so that the
thickness thereof in the flow passage direction H 1s adjust-
able, when the gate valve 1s closed described above, the
impact generated at the time when the first seal portion 61
of the movable valve A60 comes into contact with the valve
box inner surface 10A of the valve box 10 1s released.

Also, when the gate valve 1s opened or back pressure
occurs, the impact generated at the time when the second
seal portion 51 of the movable valve BS0 comes 1nto contact
with a valve box inner surface 10B of the valve box 10 1s
released. When the impact 1s received, a sealed space 1s
formed by the movable valve B50, the valve box inner
surface 10B, and the second seal portion 51. In order to
remove gas that applies a pressure to this sealed space, a
ventilator hole 53 1s provided at the movable valve B50.
(Guide Pin 81)

The guide pin 81 is securely fixed to the movable valve
A60, provided upright 1n the tlow passage direction H, and
formed 1n a rod shape having a uniform diameter. The guide
pin 81 penetrates through the inside of the force-applying
unit B80 and 1s fitted 1nto a hole portion 50/ formed at the
movable valve B50.

The guide pin 81 limits the positions of the movable valve
B30 and the movable valve A60 and reliably guides them so
that the direction (axis represented by reference letter Q) in
which the movable valve B50 and the movable valve A60
slide to each other does not displace from the direction
represented by reference numerals B1 and B2 and so that the
movable valve B50 and the movable valve A60 carry out

parallel movement without change in the postures thereof
even when the movable valve B50 and the movable valve
A60 slide to each other.
(Force-Applying Unit C90 (Auxiliary Spring))

The force-applying unit C90 (auxiliary spring) 1s provided
between the neutral valve 30 and the movable valve A60,
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connects the movable valve A60 to the neutral valve 30 so
that a position thereof with respect to the neutral valve 1n the
flow passage direction 1s changeable in the flow passage
direction H of the valve box 10, and applies a force to the
movable valve A to be directed to a center position in the
flow passage direction. Accordingly, in the embodiment of
the present disclosure, in the case where the gate valve turns
from the valve closed state (FI1G. 7) to the valve opened state
(F1G. 2), the force-applying unit C90 works. That 1s, the
force-applying unit C90 has a configuration to prompt
mechanical separation operation of separating the movable

valve A60 from the inner surface of the valve box 10 1n the
valve closed state (FIG. 7).

The force-applying unit C90 includes the circular portion
30a located at the outer-periphery position of the neutral
valve 30, 1s located at the outer-periphery position of the
movable valve A60, and 1s provided at a portion (position
regulation portion 65) that overlaps the circular portion 30a.

As seen from the center O of the valve body, the force-
applying units C90 are disposed at the same angular posi-
tions as those of the force-applying units B80. FIG. 1 shows
a configuration example in which three force-applying units
C90 are disposed.

Similar to the force-applying unit B80, the force-applying
umt C90 1s an elastic member (for example, spring, rubber,
plate spring, or the like).

Particularly, in the case where a plate spring (FIGS. 6 and
11) 1s used as the force-applying unit C90, since 1t 1s possible
to provide a function 3 of maintaining a position of the
movable valve A60 1n radial direction with respect to the
neutral valve 30 (arm) 1n addition to a function ¢ of drawing
the movable valve A60 into the neutral valve 30 (arm) and
holding the movable valve (function of prompting mechani-
cal separation operation from the valve closed state (FIG.
7)), 1t 1s more preferable.

FIG. 6 1s a schematic cross-sectional view showing the
force-applying unit C90 in the case where the gate valve 1s
in the valve opened state (FIG. 2). FIG. 11 1s a schematic
cross-sectional view showing the force-applying unit C90 1n
the case where the gate valve 1s 1n the valve closed state
(F1G. 7).

As shown 1n FIG. 6 or 11, the portions close to both end
portions of the plate spring (force-applying unit C90) hold
ring-shaped members 92a and 93a by fixation pins 92 and 93
and are locked along the circumierential direction of the
circular portion 30a of the neutral valve 30. Furthermore, the
portion close to the center portion of the plate spring 1s
locked to the position regulation portion 63 of the movable
valve A60 by a pressure applying pin 91.

The plate spring 1n the case where the gate valve 1s 1n the
valve opened state (FIG. 2) has curve portions 90A, and
therefore 1s 1n a state where the distance thereof 1mn height
direction 1s contracted, that is, in a state where a separation
distance of the movable valve A60 with respect to the neutral
valve 30 (arm) 1s narrow (FIG. 6).

In contrast, the plate spring in the case where the gate
valve 1s 1n the valve closed state (FIG. 7) releases the curve
portions 90A shown in FIG. 6, and therefore 1s 1n a state
where the distance thereof 1n height direction 1s expanded,
that 1s, 1n a state where separation distance of the movable
valve A60 with respect to the neutral valve 30 (arm) widens
(FI1G. 11).

As described above, as a result of adopting the plate
spring having an extremely simple structure as the force-
applying unit C90, the force-applying unit C90 of the gate
valve according to one or more embodiments of the present
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disclosure can stably obtain the aforementioned two func-
tions (function o and function f3).

(Force-Applying Unit A70 (Lifting and Lowering Mecha-
nism))

The force-applying unit A70 (lifting and lowering mecha-
nism) 1s built 1in the valve box and forms a body diflerent
from the valve body including two of the movable valve A
and the movable valve B and two of the force-applying unit
B and the force-applying unit C.

By the hydraulic pressure acted due to supply of oil
(working fluid, pressurized mcompressible fluid) from the
hydraulic driver 700 to the hydraulic pressure drive unit
(fixed portion) 71, the force-applying unit A70 causes the
front-end portion of the movable portion 72 to extend
toward the movable valve A60. According to this operation,
the force-applying unit A70 applies a force to the movable
valve A60 to be directed to the first opening portion 12q in
the flow passage direction H. Due to the extension operation
of the movable portion 72, the force-applying unit A70 has
a Tunction of causing the first seal portion 61 to be in close
contact with the valve box inner surface 10A located at the
periphery of the first opening portion 12a.

The extension operation of the movable portion 72 can be
carried out 1n all the force-applying units A70 built in the
valve box 10 at the substantially same time. Note that, the
force-applying unit A70 does not have a function of causing
the first seal portion 61 to be separated from the valve box
inner surface 10A located at the periphery of the first
opening portion 12a but has a function such that the force-
applying unit returns to the position (position in the fixed
portion 71 which will be described later) from which it
(movable portion 72 which will be described later) mitially
moves. Therefore, the force-applying unit A70 1s a lifting
and lowering mechanism capable of extending and contract-
ing in a direction from the force-applying unit A70 toward
the movable valve A60.

In the valve box 10, each of the force-applying units A70
having the above-described configuration 1s disposed at the
position at which the force-applying unit acts with respect to
the movable valve A60 and 1s provided along the movable
valve A60.

In the configuration example shown in FIG. 1, the points
at which the force-applying units A70 are provided are
preferably three points or more and are separated from each
other.

As alignment 1n which the force-applying umts A70 are
separated from each other, 1t 1s not limited to alignment
having even intervals, and a configuration may be adopted
in which a plurality of force-applying units A70 are disposed
at uneven intervals. FIGS. 1, 23, and 24 each shows a
configuration example 1n which four force-applying units
A70 are disposed at the same angular positions (90 degrees)
as each other as seen from the center O of the valve body.

The {force-applying units A70 1in the configuration
example shown 1n FIG. 1 are configured so that the angular
positions of the force-applying units A70 do not overlap the
angular positions at which the force-applying unit B80 and
the force-applying umt C which are described above.

The force-applying unit A70 according to the embodiment
1s configured to include: the hydraulic pressure drive unit
(fixed portion) 71 that i1s provided inside the valve box 10;
the movable portion 72 that 1s extendable 1n a direction from
the hydraulic pressure drive unit (fixed portion) 71 toward
the movable valve A60.

The hydraulic pressure drive unit (fixed portion) 71 1s
connected to the hydraulic driver 700 and 1s configured to be
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able to extend and contract the movable portion 72 by a
hydraulic pressure supplied from the hydraulic driver 700 1n
the aforementioned direction.

As shown 1n FIG. 23, the hydraulic driver 700 includes:
a hydraulic pressure generator 701 that generates a hydraulic
pressure and supplies the hydraulic pressure to the hydraulic
pressure drive unit (fixed portion) 71; a hydraulic pipe 702
that connects the hydraulic pressure generator 701 and the
hydraulic pressure drive unit (fixed portion) 71; a solenoid
valve 703 that 1s provided at the hydraulic pipe 702 and can
operate to stop supply of the hydraulic pressure when
opening operation of the movable valve A60 1s completed;
a changeover valve 704 that 1s provided at the hydraulic pipe
702, detects that rotation of the rotation shaft 20 1s located
at the closing position, and can switch the supply of the
hydraulic pressure; a drive unit 705 such as a motor that
drives the hydraulic pressure generator 701; a controller
(control unit) 706 that controls the drive unit 705; and a
power supply 707 that supplies electric power for driving the
drive unit 705.

Moreover, as shown i FIGS. 26 to 28, the hydraulic
pressure generator 701 1s configured to be able to carry out
normally-closing.

In the force-applying unit A70, a multiple-stage seal
structure 1s provided which prevents o1l serving as working
fluid from leaking to the vacuum side 1n which the movable
valve A60 1s disposed, when a hydraulic pressure 1s gener-
ated.

When the hydraulic pressure generator 701 carries out
operation of causing the movable portion 72 to extend and
contract, the hydraulic pressure generator supplies a hydrau-
lic pressure that 1s a positive pressure or a negative pressure
to the hydraulic pressure drive unit (fixed portion) 71, and
can stop the supply of the hydraulic pressure to the hydraulic
pressure drive unit 71 when the operation 1s completed. In
addition, the hydraulic pressure generator 701 can
adequately control a contact state of the movable portion 72
with respect to the movable valve A60.

FIGS. 26 to 28 are cross-sectional views showing the
hydraulic pressure generator 701 of the hydraulic driver 700.
FIG. 26 shows a valve closing state of the hydraulic pressure
generator 701 of the hydraulic driver 700. FIG. 27 shows a
closing-opeming state of the hydraulic pressure generator
701 of the hydraulic driver 700. FIG. 28 shows an over-
pressure state of the hydraulic pressure generator 701 of the
hydraulic driver 700.

As shown in FIG. 26, the hydraulic pressure generator
701 1includes: a hydraulic cylinder 710 that pressurizes
pressure o1l serving as imncompressible tluid and supplies the
o1l to the hydraulic pressure drive unit (fixed portion) 71; a
force-applying member 720 that applies a force to the
hydraulic cylinder 710; a cylinder drive unit 730 that acts
against the force-applying member 720 and can drive the
hydraulic cylinder 710; and a casing 750 that accommodates
these members therein.

The hydraulic cylinder 710 includes: a bottomed cylinder
body 711; and a piston 712 that 1s movable relative to the
cylinder body 711 1n an axis direction thereinside.

The piston 712 has a hydraulic flow passage 713 that
penetrates through the inside thereof 1n the axis line of the
piston 712, and the hydraulic flow passage 713 1s connected
to the hydraulic pipe 702. The hydraulic flow passage 713
allows the pressure o1l serving as incompressible fluid
(driving tluid) to flow into or flow out from the hydraulic
pipe 702.

The hydraulic tlow passage 713 of the piston 712 con-
nected to the hydraulic pipe 702 penetrates through the
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casing 750. The end 712a of the piston 712 1s sealed by an
O-ring and a seal member and 1s attached to and fixed to the
casing 750.

The end 71256 opposite to the end 7124 of the piston 712
1s located inside the cylinder body 711. The piston 712 is
coaxially located on the cylinder body 711.

The end 711a (first end) of the cylinder body 711 1s
opened. The end 7125 of the piston 712 1s mserted into the
inside of the cylinder body 711 through the end 711a of the
cylinder body 711.

The cylinder body 711 1s movable relative to the piston
712 1n the axis direction. The cylinder body 711 1s movable
relative to the casing 750 in the axis direction.

The end 7115 (second end) of the cylinder body 711
blocks the internal space of the cylinder body 711. A
hydraulic space 714 1s formed by the bottom face of the
cylinder body 711 (the face opposite to the end 7115) and the
end face of the end 7125b of the piston 712. The hydraulic
space 714 1s filled with the pressure o1l serving as mcom-
pressible fluid (driving fluid).

The volume of the hydraulic space 714 increases or
decreases 1n the case where the cylinder body 711 moves
relative to the piston 712 1n the axis direction. In accordance
with the increase and decrease in the volume of the hydraulic
space 714, the pressure o1l filling the hydraulic space 714
flows 1nto or flows out from the hydraulic pipe 702 through
the hydraulic flow passage 713.

A flange portion 711¢ 1s provided at the outer circumier-
ential position on the end 711a of the cylinder body 711. The
flange portion 711c¢ 1s circumierentially provided on the end
711a so as to protrude toward the outer side of the cylinder
body 711 1n the radial direction.

An end 7215 of an 1nner spring 721 and an end 72256 of
an outer spring 722 which serve as the force-applying
member 720 are 1n contact with the surface facing the end
7115 of the cylinder body 711 inside the casing 750.

A peripheral groove 7114 1s located adjacent to the outer
peripheral face of the cylinder body 711 and 1s circumier-
entially provided on the surface opposite to the end 711a of
the flange portion 711¢. The end 721a of the inner spring 721
serving as the force-applying member 720 1s 1n contact with
the peripheral groove 711d. The end 7224 of the outer spring
722 1s 1n contact with the outer circumierential position of
the peripheral groove 711d of the flange portion 711c.

The force-applying member 720 includes the inner spring
721 and the outer spring 722. The 1mnner spring 721 and the
outer spring 722 are each a coil spring. The mner spring 721
and the outer spring 722 are coaxially arranged with respect
to the cylinder body 711 and the piston 712. The mner spring
721 has an internal diameter slightly larger than the diameter
of the outer peripheral face of the cylinder body 711. The
outer spring 722 has an internal diameter slightly larger than
the outer diameter of the mner spring 721. The outer spring,
722 has a wire diameter larger than that of the inner spring
721. A force applied by the outer spring 722 1s greater than
that of the 1nner spring 721.

The force applied by inner spring 721 and the outer spring,
722 1n the extension and contraction direction can be trans-
mitted to the cylinder body 711. Both the inner spring 721
and the outer spring 722 apply a force to and press the flange
portion 711c¢ of the cylinder body 711 against the end 712a
of the piston 712.

The end 7215 of the inner spring 721 and the end 7225 of
the outer spring 722 are in contact with the casing 750.
Consequently, the force-applying member 720 applies a
force to the cylinder body 711 to be directed to the casing
750.
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Note that, as long as the force-applying member 720 can
apply a force to the cylinder body 711, the configuration
thereof 1s not limited to this.

A bush 711e and Y-shaped packing 711/ and 711g are
provided on the mner peripheral face of the cylinder body
711 and at the position close to the end 711a. The 1nner
peripheral face of the cylinder body 711 and the outer
peripheral face of the piston 712 are slidably and tightly
sealed.

The end 731a of the drive shaft 731 of the cylinder drnive
unmit 730 1s coaxially connected to the outside position of the

end 7115 of the cylinder body 711.

The cylinder drive unit 730 includes: the drive shaft 731
that moves the cylinder body 711 relative to the piston 712
in the axis direction; and a drive transmission that drives the
drive shaft 731 by the drive unit 705 such as a motor.

Inside the casing 7350, the drive shaft 731 1s disposed

coaxially with respect to the cylinder body 711 and the
piston 712. The drive shait 731 1s movable 1n the axial
direction. The drive shaft 731 1s movable relative to the
piston 712 and the casing 750 1n the axis direction.

A ball screw 731c¢ 1s formed on the outer peripheral face
of the drive shaft 731 at the position close to the end 731a.

The length of the ball screw 731c¢ 1n the axial direction of
the drive shaft 731 1s set so that a state can be maintained
where an mner screw surface 732¢ which will be described
later 1s screwed to the entire region of the ball screw 731c¢
(the peripheral region, screw formation surface) when the
cylinder body 711 moves 1n the axial direction.

A screw drive gear 732 1s coaxially disposed on the outer
side of the drive shaft 731 1n the radial direction thereof and
on the outer circumierential position of the ball screw 731c.
The drive shaft 731 1s supported by the screw drive gear 732
with respect to the casing 750.

At the end 73156 opposite to the end 731a of the drive shatt
731, a rotation stopper 731/ which will be described later 1s
provided so as to protrude 1n the radial direction thereot. The
rotation stopper 731/ 1s located inside a slhide groove 757
provided in the casing 750 and limits the direction of
movement of the drive shatt 731 so that the drive shatt 731
does not rotate but 1s movable 1n the axial direction.

The screw drive gear 732 1s formed 1n a tubular shape.
The screw drive gear 732 1s supported so as to be rotatable
with respect to the casing 750.

Ball bearings 732f and 732¢g are provided on the periphery
of the screw drive gear 732. The ball bearings 732/ and 732g
support the screw drive gear 732 and can coaxially rotate the
drive shaft 731 relative to the casing 750.

Note that, the screw drive gear 732 does not move relative
to the casing 750 1n the axial direction.

The mner screw surface 732¢ 1s formed on the inner-
periphery of the screw drive gear 732. The inner screw
surface 732c¢ 1s screwed together with the ball screw 731c¢ of
the drive shaft 731.

In the case where the screw drive gear 732 rotates, the ball
screw 731c that 1s screwed together with the iner screw
surface 732¢, a torque 1s applied to the drive shaft 731. The
rotation of the drive shaft 731 1s limited by the rotation
stopper 731/ and the slhide groove 757. Accordingly, the
drive shaft 731 moves in the direction limited by the slide
groove 757, that 1s, 1n the axial direction of the drive shaft
731.

An outer gear 732d 1s formed on the periphery of the
screw drive gear 732. The outer gear 732d 1s formed at the
position sandwiched between the ball bearings 732/ and the
ball bearings 732¢g in the axial direction of the screw drive
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gear 732. The outer gear 7324 1s located at the outmost side
in the radial direction of the screw drive gear 732.

Note that, the imner screw drive gear 732a formed on the
inner screw surface 732c¢ and the outer screw drive gear
7320 formed on the outer gear 7324 can be integrally
connected 1n the screw drive gear 732.

The outer gear 732d 1s engaged with a drive gear 733d.
The drive gear 7334 has a rotation axis line parallel to the
axis line of the drive shaft 731. The drive gear 733d 1is
rotatably supported by a rotation shait 734 parallel to the
axis line of the drive shaft 731. The rotation shait 734 is
supported by the casing 750 at the position separated from
the outside of the drive shaft 731 in the radial direction
thereof.

The drive gear 733d 1s formed 1ntegrally with a drive gear
733e located on the same axis line as that of the drive gear
733d. The drive gear 733e has a diameter larger than that of
the drive gear 733d. The drive gear 733e rotates integrally
with the drive gear 733d.

The drive gear 733¢ 1s engaged with a drive gear 735. The
drive gear 735 has a rotation axis line parallel to the axis line
of the drive shaft 731. The drive gear 735 1s rotatably
supported by a rotation shaft 736 parallel to the axis line of
the drive shaft 731. The rotation shait 736 1s supported by
the casing 750 at the outside position 1n the radial direction
of the drive shait 731 and at the position further separated
from the rotation shaft 734.

The drive gear 735 1s engaged with a drive gear 737. The
drive gear 737 has a rotation axis line parallel to the axis line
of the drive shaft 731. The drive gear 737 1s fixed to a
rotating drive shaft 705a of the drive unit 705 such as a
motor which 1s parallel to the axis line of the drive shaift 731.
The rotating drive shait 705a 1s disposed at the outside
position in the radial direction of the drive shaft 731 and at
the position further separated from the rotation shait 736.
The rotating drive shaft 705a 1s rotatably attached to the
casing 750 1n a state of penetrating therethrough.

The screw drive gear 732, the ball bearings 732/ and 732g,
the inner screw surface 732c¢, the outer gear 7324, the drive
gear 733d, the drive gear 733e, the rotation shaft 734, the
drive gear 735, the rotation shatt 736, and the drive gear 737
constitute a drive transmission.

The casing 750 includes a tubular-shaped casing tube 751,
a casing lid 752 that blocks one end of the casing tube 751,
a rear casing 753 that blocks the other end of the casing tube
751, a ring 754 provided between the casing lid 752 and the
rear casing 753 in the inside (storage space 755) of the
casing tube 751, and a lid 758 that blocks the other end of
the rear casing 753.

The casing tube 751 has an internal shape extending
coaxially with respect to the cylinder body 711, the piston
712, and the drive shait 731. The inside of the casing tube
751 forms the storage space 755.

The storage space 755 accommodates the cylinder body
711, the piston 712, the 1nner spring 721 and the outer spring
722 which serve as the force-applying member 720, and the
end 731a of the drive shaft 731 thereinside.

The storage space 755 has two openings. The piston 712
1s located at one of the two openings, and this opening is
blocked by the casing lid 752.

The piston 712 1s connected to and fixed to the casing lid
752. The end 7124 of the piston 712 penetrates through the
casing lid 752.

The drive shaft 731 1s located at the other of the two
openings ol the storage space 7355, and this opening 1is
blocked by the rear casing 753. The drive shaft 731 pen-

ctrates through the rear casing 753.
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The ring 754 1s provided at the position close to the rear
casing 753 1n the storage space 755.

The ring 754 1s coaxially arranged with respect to the
drive shaft 731 and is arranged around the drive shatt 731.
The mner-periphery of the nng 754 i1s separated from the
outer-periphery of the drive shaft 731.

The ring 754 has an 1nternal diameter equal to that of the
inner-periphery of the flange portion 711c¢, that 1s, the
diameter of the outer peripheral face of the cylinder body
711. Furthermore, the ring 754 has an outer diameter equal
to that of the outer diameter of the tflange portion 711c.

The end 7215 of the 1nner spring 721 and the end 72256 of
the outer spring 722 which serve as the force-applying
member 720 are 1n contact with the surface facing the casing
lid 752 of the ring 754.

A peripheral groove 7544 1s circumierentially provided on
the surface facing the casing lid 752 of the ring 754 so as to
correspond to the peripheral groove 711d. The end 7215 of
the mnner spring 721 serving as the force-applying member
720 1s 1n contact with the peripheral groove 754d. The end
722b of the outer spring 722 1s 1n contact with the surface
that 1s located at the periphery of the peripheral groove 7544
and faces the casing lid 752 of the ring 754.

Driving system support portions 751k and 7334 that
extend toward the outside of the storage space 7355 1n the
radial-outer direction of the drive shatt 731 are provided at
the casing tube 751 and the rear casing 753. The dniving
system support portions 751% and 753% are formed 1n a
flange shape that forms part of the casing tube 751 and the
rear casing 753 1n the circumierential direction.

The driving system support portion 7514 and the driving
system support portion 753k are 1n contact with each other.
The screw drive gear 732, the ball bearings 732/ and 732g,
the inner screw surface 732c¢, the outer gear 7324, the drive
gear 733d, the drive gear 733e, the rotation shait 734, the
drive gear 733, the rotation shait 736, and the drive gear 737
are sandwiched between the driving system support portion
751% and the driving system support portion 753%.

Recessed and projected portions corresponding to the
screw drive gear 732, the ball bearings 732/ and 732g, the
inner screw surface 732c¢, the outer gear 7324, the drive gear
733d, the drive gear 733e, the rotation shaft 734, the drive
gear 735, the rotation shaft 736, and the drive gear 737 are
formed on the surfaces on which the driving system support
portion 751% and the driving system support portion 753%
face each other. The recessed and projected portions support
these members.

Moreover, the rotating drive shaft 705a penetrates
through the driving system support portion 751%. The drive
unmit 705 such as a motor 1s attached to the driving system
support portion 751k

The ball bearing 732f 1s provided between the casing tube
751 and the outer screw drive gear 7325 (screw drive gear
732). The ball bearing 732/ rotatably supports the screw
drive gear 732 relative to the casing tube 751.

The ball bearing 732¢ 1s provided between the rear casing,
753 and the outer screw drive gear 73256 (the screw drive
gear 732). The ball bearing 732g rotatably supports the
screw drive gear 732 relative to the rear casing 753.

A rear space 756 serving as a back clearance of the end
731b of the drive shait 731 when the drive shaft 731 moves
in the axial direction 1s formed 1n the rear casing 753.

The screw drive gear 732 1s disposed at the position of the
boundary between the rear space 756 and the storage space
755. Particularly, the drive shaft 731 1s disposed at the
position of the boundary between the rear space 756 and the
storage space 755 so as to be movable 1n the axial direction.
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The slide groove 757 1s formed 1n the rear space 756 so
as to increase the diameter thereof. The slide groove 757 1s
located outside 1n the radial direction of the drive shait 731.
As the rotation stopper 731/ slides on the 1inside of the slide
groove 757, the rotation of the drive shaft 731 1s limited and
the drive shaft 731 can be moved i the axial direction.

The end of the rear space 756 1s blocked by the lid 758.

A limiter switch 760 with which the end 7315 of the drive
shaft 731 can be 1n contact 1s provided at the position close
to the lid 758 1n the rear space 756. The limiter switch 760
1s connected to the controller 706.

In the case where the drive shaft 731 moves 1n a direction
from the storage space 755 to the rear space 756, the limiter
switch 760 detects that the end 7315 of the drive shaft 731
comes 1nto contact with the limiter switch 760. At this time,
the limiter switch 760 outputs to the controller 706 that the
end 7315 of the drive shaft 731 reaches at a predetermined
position. The controller 706 that received the signal outputs
a signal of stopping driving of the drive unit 705 such as a
motor. Consequently, the driving of the drive unit 705 such
as a motor 1s stopped. Accordingly, the movement position
of the drive shait 731 1s limited depending on the position at
which the limiter switch 760 1s provided.

The hydraulic pressure generator 701 can drive the drive
unit 705 such as a motor 1n accordance with the output signal
of the controller 706.

When the controller 706 outputs a drive signal, the drive
unit 705 such as a motor 1s driven, the rotating drive shaft
705a rotates. Due to the rotation of the rotating drive shaft
705a, the drnive gear 737 attached to the rotating drive shaft
705a rotates. The rotation of the drive gear 737 1s transmiut-
ted to the drive gear 735 engaged with the drive gear 737.
The rotation of the drive gear 735 1s transmitted to the drive
gear 733e engaged with the drive gear 735. The rotation of
the drive gear 733e 1s transmitted to the drive gear 7334 that
1s formed 1ntegrally with the drive gear 733e. The rotation of
the drive gear 7334 i1s transmitted to the outer gear 732d
engaged with the drive gear 7334 and the screw drive gear
732 thereby rotates. The rotation of the outer gear 7324 1s
transmitted to the inner screw surface 732¢ of the screw
drive gear 732 that 1s formed 1ntegrally with the outer gear
732d.

The rotation of the inner screw surface 732c¢ of the screw
drive gear 732 1s transmitted to the ball screw 731c¢ of the
drive shaft 731 engaged with the screw drive gear 732 and
the drive shaft 731 thereby rotates. The screw drive gear 732
1s supported by the ball bearings 732/ and 732¢. Therelore,
even where the screw drive gear 732 rotates, the screw drive
gear 732 does not move 1 the axial direction. The drive
shaft 731 1s supported by the mnner screw surface 732c¢, the
rotation stopper 731/ 1s located 1nside the slide groove 757,
and the direction of movement of the drive shaft 731 1is
limited. Because of this, in the case where the screw drive
gear 732 rotates, the drive shait 731 moves 1n the axial
direction.

As stated above, the rotation drive force of the drive unait
705 such as a motor 1s transmitted to the drive shaft 731 by
the drive transmission, and the drive shaft 731 thereby
moves 1n the axial direction.

When the drive shaft 731 moves 1n the axial direction, the
cylinder body 711 integrally connected to the drive shaft 731
similarly moves 1n the axial direction. At this time, the piston
712 1s fixed to the casing lid 752 and thereby does not move.
Accordingly, the cylinder body 711 moves relative to the
piston 712 in the axis direction.

Here, as the cylinder body 711 moves relative to the
piston 712, the volume of the hydraulic space 714 1nside the
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cylinder body 711 i1s changed. The pressure o1l filling the
hydraulic space 714 serving as incompressible tluid (driving
fluid) flows 1nto or flows out from the hydraulic flow passage
713 1n accordance with the volume of the hydraulic space
714.

The mner spring 721 and the outer spring 722 which are
in contact with the flange portion 711¢ and serve as the
force-applying member 720 apply a force to the cylinder
body 711.

In the gate valve according to the embodiment, 1n order to
achieve normally closing, a force applied from the force-
applying member 720 1s generated 1n the direction in which
the inner spring 721 and the outer spring 722 extend. That
1s, the direction in which the force applied from the force-
applying member 720 to the cylinder body 711 1s generated
coincides with the direction 1n which the cylinder body 711
separates from the screw drive gear 732. Consequently, the
force applied by the force-applying member 720 1s imparted
to the cylinder body 711 so as to decrease the volume of the
hydraulic space 714.

Additionally, the gate valve according to the embodiment
can be normally closed, that 1s, 1t can be opened when the
drive unit 705 such as a motor i1s driven. Therefore, the
moving direction of the drive shait 731 by the drive of the
drive unit 705 such as a motor 1s opposite to the direction of
the force applied by the force-applying member 720. That 1s,
by the drive of the drive unit 705 such as a motor, the drive
shaft 731 moves 1n the direction away from the piston 712.
Because of this, by the drive of the drive unit 705 such as a
motor, the drive shaft 731 moves so that the volume of the
hydraulic space 714 of the cylinder body 711 increases.

In the case where the drive unit 705 such as a motor 1s not
driven 1n the hydraulic pressure generator 701, as shown 1n
FIG. 26, the volume of the hydraulic space 714 decreases
due to the force applied by the force-applying member 720.
As a result, the pressure o1l serving as incompressible tluid
(driving fluid) flows into the hydraulic pipe 702 from the
hydraulic space 714 through the hydraulic tlow passage 713.
In this situation, the hydraulic pressure acts in the force-
applying unit A70, and the front-end portion 72a of the
movable portion 72 thereby extends.

Moreover, 1n the case where the drive unit 705 such as a
motor 1s driven in the hydraulic pressure generator 701, as
shown i FIG. 27, the volume of the hydraulic space 714
increases by the driving power of the drive unit 705 such as
a motor. As a result, the pressure o1l serving as incompress-
ible flmd (driving fluid) flows into the hydraulic space 714
from the hydraulic pipe 702 through the hydraulic flow
passage 713. In this situation, the hydraulic pressure acts in
the force-applying unit A70, and the front-end portion 72a
of the movable portion 72 thereby contracts.

Furthermore, even 1n cases where the cylinder body 711
overruns toward the casing lid 752 because of some reasons
in the hydraulic pressure generator 701, as shown 1n FIG. 28,
the flange portion 711¢ comes 1nto contact with the casing
lid 752, and movement of the cylinder body 711 1s thereby
stopped. Accordingly, reduction 1n the hydraulic space 714
1s limited 1n a predetermined range. Consequently, the
hydraulic pressure generator 701 can cause the pressure o1l
(driving fluid) to excessively flow to the force-applying unit
A70.

With this configuration, the force-applying unit A70 have
two functions, that i1s, a function of causing the front-end
portion 72a of the movable portion 72 to come 1nto contact
with a lower surface 60sb of the movable valve A60 and
causing the movable valve A60 to move toward the first
opening portion 12a and a function of causing itself (mov-
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able portion 72) to return to the initial motion position (the
position 1n the fixed portion 71), and serves as the lifting and
lowering mechanism of the valve body.

FIGS. 2 to 5 shows 1n a state where the movable valve 40
(movable valve A60 and the movable valve B50) 1s not 1n
contact with any the valve box inner surfaces 10A and 10B
of the valve box 10. This state 1s referred to as a state where
a valve body 1s FREE. FIG. 6 1s an enlarged view showing
a relevant part of the force-applying unit C 1n a state of being
FREE (FIG. 2) and 1s a view showing the force-applying
unit C as seen 1n the paperface depth direction 1n FIG. 2.

In a state where the valve body 1s the FREE, due to the
tfunction of the aforementioned force-applying unit A70, that
1s, due to the function of causing the movable valve A60 to
move toward the first opening portion 12a, the movable
valve A60 moves until being in contact with the valve box
inner surface 10A of the valve box 10, the movable valve
A60 presses against the valve box mner surface 10A, and
therefore the flow passage H 1s closed (valve closing opera-
tion).

FIGS. 7 to 10 shows a state where the tlow passage H 1s
closed by the above-mentioned valve closing operation. This
state 1s referred to as a state ol positive pressure/non-
differential pressure. FIG. 11 1s an enlarged view showing a
relevant part of the force-applying unit C 1n a state of
posmve pressure/non-diflerential pressure (FIG. 7) and 1s a
view showing the force-applying unit C as seen in the
paperface depth direction 1n FIG. 7.

In a state where the valve body 1s 1n the positive pressure/
non-differential pressure, due to the function of the afore-
mentioned force-applying unmit C90, that 1s, due to the
function of causing the movable valve A60 to be connected
to the neutral valve 30 so that the position thereol with
respect to the neutral valve 1n the tlow passage direction 1s
changeable and applying a force to the movable valve A to
be directed to a center position in the flow passage direction,
the movable valve A60 1s separated from the inner surface
of the valve box 10 and the movable valve A60 1s retracted,
and the tlow passage H 1s thereby opened (release opera-
tion).

As described above, 1n the gate valve according to the
embodiment, since the first seal portion 61 (valve plate
sealing packing) formed of O-ring or the like and the third
seal portion 52 (slide sealing packing) formed of O-ring or
the like are disposed on the substantially same cylindrical
surface (for example, they are disposed so as to overlap the
line R shown 1in FIGS. 3 to 5), approximately 100% of a back
pressure cancellation rate 1s obtained.

Furthermore, the force-applying unit A70 of the gate
valve according to the embodiment 1s built in the valve box
10 and forms a body different from the neutral valve body
5 including two of the movable valve A60 and the movable
valve B50, two of the force-applying unit B80 and the
torce-applying unit C90. As a result, 1n the gate valve 100
according to the embodiment, weight saving of the valve
structure by the weight of the force-applying unit A70 1s
achieved.

Moreover, as compared with the case of using compress-
ible fluid such as compressed air (compressed air) or the like
as working fluid, the force-applying unit A70 i1s configured
such that the hydraulic driver 700 causes working fluid to be
operated by the hydraulic pressure of mcompressible oil,
and therefore space-saving 1s achieved and 1t 1s simultane-
ously possible to carry out reliable valve closing operation.
In addition, safety 1in operation can be improved more than
compressed air operation.
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Consequently, according to the gate valve of the embodi-
ment, since 1t 1s possible to achieve 1solation operation with
a high degree of reliability and the weight of the valve body
1s reduced, 1t 1s possible to reduce a driving power that 1s
necessary when the valve body moves upward and down-
ward or the valve body moves while revolving, and therefore
simplification of the configuration of the valve body and
weight saving thereof 1s achieved.

FIGS. 20 to 22 are views showing a conventional gate
valve 501, FIG. 20 shows a horizontal cross-sectional view,
and FIGS. 21 and 22 are vertical cross-sectional views. FIG.
21 shows a case where a valve body 1s disposed at a position
at which a retraction operation can be carried out, and FIG.
22 shows a case where a valve body 1s disposed at a valve
closing position (Patent Document 4).

As shown 1n FIGS. 20 to 22, in a conventional gate valve
501, a valve structure thereol includes a ring-shaped air
cylinder 580 corresponding to the force-applying unit A70
of the gate valve 100 according to the embodiment, a supply
line 541 that introduces compressed air into the air cylinder
580 1s also necessary, and the valve structure 1s extremely
complicated. Additionally, in the configuration of a gate
valve of a conventional example shown 1 FIGS. 20 to 22,
it 1s conceivable to carry out closing operation of a valve
body having a large surface area. In this case, a required
machining accuracy 1s extremely high 1n order to satisiy a
required high degree of accuracy of operation and a high
sealability when the air cylinder 580 1s formed 1n a ring
shape. For this reason, there 1s a concern that manufacture of
the foregoing conventional gate valve brings a high cost.

In contrast, since the force-applying umit A70 according to
the embodiment of the present disclosure 1s disposed inside
the valve box 10, 1s not included 1n a valve structure, and
simplification of the valve structure thereof 1s also achieved.
The supply line 3541 that 1s essential for the conventional
gate valve 501 1s not necessary for the gate valve 100
according to the embodiment. Furthermore, since a plurality
of pistons and cylinders which have a common configuration
and a cylindrical and column shape can be used as the
force-applying unmit A70, 1t 1s possible to manufacture the
gate valve that satisfies a required high degree of accuracy
ol operation and a high sealability at a low cost.

Accordingly, since the gate valve according to the
embodiment of the present disclosure employs the force-
applying unit A70 that 1s disposed inside the valve box and
1s not included in the valve structure, as a drive unit that
causes the rotation shaft 20 to rotate, a member or a device
which 1s driven by power lower than a conventional case can
be selected at a low cost, and therefore the present disclosure
contributes to achievement of an energy saving gate valve.

Consequently, the present disclosure contributes to pro-
vision of the gate valve that can carry out 1solation operation
with a high degree of reliability, achueves a weight saving of
a movable valve, can realize 100% of a back pressure
cancellation rate, and has a normally close configuration.

Note that, although FIG. 2 shows the configuration 1n
which the force-applying unit A70 1s built in the valve box
10 (10b) at the position close to the second opening portion
125, the present disclosure 1s not limited to this configura-
tion. For example, instead of the position close to the second
opening portion 125, the force-applying unit A70 may be
provided at the position close to the first opeming portion
12a. As long as the force-applying unit A70 acts with respect
to the movable valve A60, the position at which the force-
applying unit A70 1s provided can be freely determined.

In the above-mentioned embodiment, FIG. 2 shows a
configuration example of the force-applying unit A70 causes
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compressive force to act with respect to the movable valve
A60, and valve closing operation 1s carried out by mechani-
cal contact operation; however, the present disclosure 1s not
limited to this configuration.

As the force-applying unit A70 having a function of
acting a compressive force, not only hydraulic pressure but
also, for example, a compressed air mechanism, an electro-
magnetic mechanism, or the like as well as the above-
described cylinder mechanism may be adopted. Note that, 1n
the case where the gate valve 100 does not have a large
surface area, the compressed air mechanism or the like 1s
particularly eflective to use as the force-applying unit A70.
The reason for this 1s that, opening and closing operations
can be safely carried out without depending on the instal-
lation posture of the gate valve 100.

Note that, a configuration example of the force-applying
unit A70 having both the function of causing compressive
force to act with respect to the movable valve A60 and the
function of causing tensile force to act with respect to the

movable valve A60 will be described as modified example
with reference to FIGS. 17 to 19 which will be described

later.

As apparent from FIG. 3 that 1s a cross-sectional view
taken along the line segment A-O shown in FIG. 1, the
torce-applying unit A70 shown 1n FIG. 2 1s disposed under
the movable valve A60 (papertace back side) in FIG. 1. That
1s, as shown in FIGS. 23 and 24, the embodiment shows a
configuration example in which the force-applying units
A’70 are disposed four points at a 90-degree pitch. Although
the configuration example shows the case where the four
force-applying units A70 are disposed at even intervals, the
present disclosure 1s not limited to this configuration, it 1s
only necessary that the number of the force-applying units
A70 1s a plural number of three or more, and the intervals of
the force-applying umt A70 may be uneven intervals.

Moreover, although the embodiment discloses a pin-
shaped cylinder that serves as a member functioning as the
torce-applying unit A70 that 1s locally disposed inside the
valve box 10, the present disclosure i1s not limited to this
member. For example, instead of the pin-shaped cylinder, a
ring-shaped cylinder may be used as the force-applying unit
AT0.

(State where Valve Body 1s Located at Position (FREE) at
which Retraction Operation can be Carried Out)

Hereinbelow, a state where a valve body 1s FREE will be
described with reference to FIGS. 1 to 6.

FIG. 1 1s a horizontal cross-sectional view showing the
configuration of the gate valve according to the embodiment
of the present disclosure, and FIG. 2 1s a vertical cross-
sectional view. FIG. 3 1s an enlarged view showing a
relevant part taken along the line segment A-O shown in
FIG. 1, FIG. 4 1s an enlarged view showing a relevant part
taken along the line segment B-O shown 1n FIG. 1, and FIG.
5 1s an enlarged view showing a relevant part taken along the
line segment C-O shown 1n FIG. 1. Additionally, FIG. 6 1s
an enlarged view showing a relevant part of a force-applying
unit C shown in FIG. 2.

A state where the neutral valve body 5 1s FREE means a
state where the neutral valve body 3 1s not 1n contact with the
inner surface of the valve box 10 (the mner surface of the
valve box 10 located around the first opening portion 12a,
the nner surface of the valve box 10 located around the
second opening portion 125).

The force-applying unit A70 (lifting and lowering mecha-
nism) 1s configured to mclude: the fixed portion 71 disposed
inside the valve box 10; and the movable portion 72 capable
of extending and contracting 1n a direction from the fixed
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portion 71 toward the movable valve A60 by the hydraulic
pressure, and 1s 1n a state of being disposed 1nside the valve
box 10 together with the fixed portion 71 and the movable
portion 72. That 1s, the force-applying unit A70 (lifting and
lowering mechanism) forming a body different from the
neutral valve body 5 is 1n a state of not being in contact with
the neutral valve body 5.

In other words, the force-applying unit A70 (lifting and
lowering mechanism) 1s built 1n the valve box 10 and forms
a body different from the neutral valve body 5 including two
of the movable valve A60 and the movable valve B50, and
the force-applying umt B80.

The force-applying unit A70 1s configured to include: the
fixed portion 71 that 1s connected to the hydraulic driver 700
and 1s disposed inside the valve box 10; and the movable
portion 72 that 1s extendable 1n a direction from the fixed
portion 71 toward the movable valve A60.

With this configuration, the force-applying unit A70 have
two functions, that 1s, a function of causing the front-end
portion 72a of the movable portion 72 to come 1nto contact
with a lower surface 60sb of the movable valve A60 and
causing the movable valve A60 to move toward the first
opening portion 12q and a function of causing the movable
valve A60 to be conversely separated from the first opening
portion 12a, and serves as the lifting and lowering mecha-
nism of the valve body.

As shown 1n FIG. 3, as the end portion 72a of the movable
portion 72 forming the force-applying unit A70 comes into
contact with the lower face 60sb of the movable valve A60
(arrow F1), the movable valve A60 forming the neutral valve
body 5 moves toward the mner surface of the valve box 10
(the valve box inner surface 10A of the valve box 10 which
1s located around the first opening portion 12a) (arrow F2).
As a result of this movement, a state where the first seal
portion 61 (valve plate sealing packing) 1s in contact with the
valve box mner surface 10A of the valve box 10 is a state of
a valve closed position (valve closed state).

Since the movable valve B50 and the movable valve A60
can move by the holding spring (force-applying unit B80) in
the direction represented by reference numerals B1 and B2
(FIG. 2) (reciprocal direction) while being slidable to each
other with the third seal portion 52 mterposed therebetween,
when this movement, the movable valve B50 also moves 1n
the same direction as that of the movable valve A60.
(State where Valve Body 1s Located at Valve Closing Posi-
tion (Positive Pressure or Non-Diflerential Pressure))

Hereinbelow, a state where the valve body 1s located at a
valve closing position will be described with reference to
FIGS. 7 to 10.

FIG. 7 1s a vertical cross-sectional view showing the
configuration of the gate valve according to the embodiment
of the present disclosure. FIG. 8 1s an enlarged view showing
a relevant part taken along the line segment A-O shown 1n
FIG. 1, FIG. 9 1s an enlarged view showing a relevant part
taken along the line segment B-O shown in FIG. 1, and FIG.
10 1s an enlarged view showing a relevant part taken along
the line segment C-O shown 1n FIG. 1.

A state where the neutral valve body 5 1s located at a valve
closing position means a state where the neutral valve body
5 1s 1n contact with one of the inner surfaces of the valve box
10 (the valve box inner surface 10A located around the first
opening portion 12a) but i1s not 1n contact with the other of
the inner surfaces (the mnner surface of the valve box 10
which 1s located around the second opening portion 125).

The force-applying unit A70 (lifting and lowering mecha-
nism) uses the hydraulic pressure and thereby causes the
movable portion 72 to extend from the fixed portion 71
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disposed inside the valve box 10 1n a direction toward the
movable valve A60 and causes the end portion 72a of the
movable portion 72 to come into contact with the lower face
60sb of the movable valve A60. Consequently, as a result of
causing the movable valve A60 to move toward the first
opening portion 12a, the first seal portion 61 provided on the
upper face 60sa of the movable valve A60 1s 1n a state being,
in contact with the valve box mnner surface 10A of the valve
box 10 which 1s located at the periphery of the first opening,
portion 12a).
(State where Valve Body i1s Located at Back Pressure
Position)

Hereinbelow, a state where the valve body 1s located at a
back pressure position will be described with reference to

FIGS. 12 to 15.

FIG. 12 1s a vertical cross-sectional view showing the
configuration of the gate valve according to the embodiment
of the present disclosure. FIG. 13 i1s an enlarged view
showing a relevant part taken along the line segment A-O
shown 1n FIG. 1, FIG. 14 1s an enlarged view showing a
relevant part taken along the line segment B-O shown in
FIG. 1, and FIG. 15 1s an enlarged view showing a relevant
part taken along the line segment C-O shown i FIG. 1.

A state where the neutral valve body 5 1s located at a back
pressure position means a state where the neutral valve body
5 1s 1n contact with one of the iner surfaces of the valve box
10 (the valve box 1nner surface 10A located around the first
opening portion 12a), while this condition 1s maintained, the
neutral valve body 1s also in contact with the other of the
iner surfaces (the mner surface of the valve box 10 which
1s located around the second opening portion 125). The back
pressure means that a pressure 1s applied to a valve body in
a direction from a valve closed state to a valve opened state.

In the case where the neutral valve body 5 receives a back
pressure, the force-applying unit B80 works which is located
between the movable valve A60 and the movable valve B30
which form a valve body. That 1s, since the movable valve
B30 and the movable valve A60 can move by the force-
applying unit B80 1n the direction represented by reference
numerals B1 and B2 (FIG. 12) (reciprocal direction) while
being slidable to each other with the third seal portion 52
interposed therebetween, when the neutral valve body 5
receives a back pressure, the movable valve B50 moves
relative to the movable valve A60 in the direction repre-
sented by reference numeral B2.

As a result, the movable valve B50 1s about to collide
against the other of mner surfaces of the valve box 10 (the
valve box imnner surface 10B located around the second
opening portion 125). In order to release impact due to this
collision, the movable valve B50 includes the second seal
portion 51 provided at the position facing the valve box
inner surface 10B located around the second opening portion
1256. As mentioned above, a mechanism 1n which the valve
box 1nner surtface 10B of the valve box 10 (back side body)
receives the force received by the neutral valve body 5 (force
received 1n the direction represented by reference numeral
B2) 1s a back pressure cancellation mechanism.

As the second seal portion 51, an elastic body 1s prefer-
ably used. In the case where the movable valve B30 collides
against the valve box mnner surface 10B of the valve box 10,
a countermeasure 1s necessary which prevents occurrence of
contaminants which occur at the moment of collision or
occurrence of contaminants which occur due to by genera-
tion of micro sliding contact when the valve box inner
surface 10B of the valve box 10 (back side body) 1s

deformed in millimeter order. When the second seal portion
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51 1s made of an elastic body, as the elastic body deforms
when collision, occurrence of any contaminants can be

prevented.

Modified Example of Embodiment

FIGS. 17 to 19 are vertical cross-sectional views, each
showing a configuration of a gate valve according to a
modified example of the embodiment of the present disclo-
sure. FIG. 17 1s an enlarged view showing a relevant part
taken along the line segment A-O corresponding to FIG. 3
in the case where the valve body 1s disposed at a position
(FREE) at which a retraction operation can be carried out.
FIG. 18 1s an enlarged view showing a relevant part taken
along the line segment A-O corresponding to FIG. 8 1n the
case where the valve body 1s disposed at a valve closing
position (positive pressure or non-differential pressure).
FIG. 19 1s an enlarged view showing a relevant part taken
along the line segment A-O corresponding to FIG. 13 in the
case where the valve body 1s disposed at a back pressure
position.

FIGS. 17 to 19 shows a configuration example of the
force-applying unit A70 having both a function of causing
compressive force to act with respect to the movable valve
A60 and a function of causing tensile force to act with
respect to the movable valve A60.

In order to provide both the two functions, the force-
applying unit A70 according to the modified example 1s
configured to include: the fixed portion 71 disposed 1inside
the valve box 10; and the movable portion 72 that can extend
and contract in a direction from the fixed portion 71 toward
the movable valve A60, and furthermore a ball plunger
shown 1n FIG. 16 1s implanted on the side surface of the
movable portion 72. In the case where the movable portion
72 1s 1n a state of being contracted so as to be disposed at the
position close to the hydraulic pressure drive unit (fixed
portion) 71, the ball plunger 1s located closer to the front-end
side than a ring-shaped seal member (O-ring) 75.

Note that, it 1s preferable that a buller space be provided
for a countermeasure against o1l leakage such as provision of
a double seal at the portion at which the movable portion 72
linearly moves by the hydraulic pressure and the portion at
which the seal member 75 1s formed. Particularly, 1n the case
where the movable portion 72 1s configured to directly face
a vacuum space, since the probability of o1l contamination
in the vacuum chamber can be reduced, it 1s particularly
recommended. Furthermore, for the purpose of reducing the
possibility of o1l contamination in vacuum and atmospheric
environments, 1t 1s preferable to use o1l having a low vapor
pressure as working tluid. Although the vapor pressure of the
working fluid 1s determined by a required degree of vacuum
or the like, generally, approximately 10-3 Pa or less 1is
selected.

Here, “plunger” 1s a machine element part for positioning,
and fixing a work, the plunger 1s configured to include a
plunger body; a spring built in the plunger body; and an end
member (ball or pin) located at the end of the spring. The
plunger has a mechanism in which, the end member enters
the inside of the plunger body when a load 1s applied to the
end member, and the end member returns to the original
position due to action of force of the spring when the load
1s released.

Particularly, a ball plunger 1s a plunger in which a ball
located at the end of the spring works, it 1s possible to lower
the ball due to an applied load not only 1n a vertical direction
but also 1n a horizontal direction, and therefore 1t 1s suitable
for positioning of a sliding mechanism.
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A ball plunger 72B i1s provided on the side surface of the
movable portion 72, and 1n the movable valve A60, a
recessed portion 65e¢ that receives the end portion of the
movable portion 72 and the ball plunger 72B 1s disposed at
the portion 65A with which the end portion of the movable
portion 72 1s to be 1n contact. According to this configura-
tion, the force-applying unit A70 according to the modified
example can have both a function of causing compressive
force to act with respect to the movable valve A60 by the
hydraulic pressure and a function of causing tensile force to
act with respect to the movable valve A60.

Note that, 1n the case where a compression coil spring
built 1n the force-applying unit A70 1s stopped 1n a state of
being compressed, the repulsion force corresponding to the
amount of displacement of the spring 1s equal to the force by
the hydraulic pressure on the piston surface of the cylinder.
That 1s, since the repulsion force of the spring 1s converted
into the hydraulic pressure, the repulsion force 1s transmitted
to the drive unit 705 via the hydraulic pressure generator
701. That 1s, 11 the drive unit 705 does not act the force equal
to the repulsion force, an equilibrium state, that 1s, a stopped
state cannot be maintained. However, in the configuration
according to the embodiment, the hydraulic pressure circuit
can be blocked by the solenoid valve 703. In particular, even
where the drive unit 705 1s in a state of receiwving the
repulsion force, i1t the solenoid valve 703 1s shut oil, a
stopped state 1s maintained, and the drive unit 705 does not
need to generate a force. As a result, 1t 1s possible to prevent
an increase 1n temperature of the drive unit 705.

In addition, 1n the gate valve according to this modified
example, similar to the configuration having the ball plunger
72B provided between the movable valve A60 and the
movable portion 72 serving as part of the force-applying unit
A70, a configuration 1s adopted which has a ball plunger
658 that 1s also provided between the neutral valve 30 and
the position regulation portion 65 serving as part of the
movable valve A60. Accordingly, the force-applying umt
C90 of the aforementioned embodiment 1s not necessary.

Because of this, according to the gate valve of the
modified example, as compared with the gate valve of the
aforementioned embodiment, since 1t 1s possible to achieve
1solation operation with a high degree of reliability and the
weight of the valve body 1s further reduced, it 1s possible to
turther reduce a driving power that 1s necessary when the
valve body moves upward and downward or the valve body
moves while revolving. Accordingly, a normally close con-
figuration 1s achieved and simplification of the configuration
of the valve body and weight saving thereof are easily
achieved.

In the gate valve according to the modified example, the
force-applying umit B80 having the same configuration as
that of the aforementioned embodiment 1s disposed between
the movable valve B50 and the portion 67 that serves as part
of the movable valve A60 and 1s located at the position
overlapping the movable valve B50. As a result, also 1n the
gate valve according to the modified example, a driving
power that 1s necessary when the valve body moves upward
and downward or the valve body moves while revolving 1s
obtained by the force-applying unit B80.

That 1s, 1n the gate valve according to the modified
example, as a result of adopting the configuration providing
the ball plunger, 1t 1s possible to exclude the force-applying
unit C90 from a valve structure, which 1s essential for the
gate valve of the above-mentioned embodiment. For this
reason, according to the modified example, 1t 1s possible to
turther reduce a driving power that 1s necessary when the
valve body moves upward and downward or the valve body
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moves while revolving, it contributes to the gate valve that
achieves simplification of the configuration of the valve
body and weight saving thereof.

Note that, although a configuration providing two ball
plungers 72B and 65B 1s disclosed in this modified example,
it 1s not necessarily to incorporate two ball plungers together.
That 1s, 1n the gate valve according to the aforementioned
embodiment, from the configuration providing the two ball
plungers 72B and 65B, any one ball plunger may be adopted.

Additionally, in the case where a plurality of force-
applying units A70 are disposed inside the valve box 10, a
conflguration 1in which “structure that causes compressive
force to act with respect to the movable valve A (first
structure)” shown 1n the above-mentioned embodiment and
“structure that has both a function of causing compressive
force to act with respect to the movable valve A and a
function of causing tensile force to act with respect to the
movable valve A60 (second structure)” shown 1n the above-
mentioned modified example are alternately disposed may
be adopted as the force-applying unit A70. Alternatively, a
configuration 1 which the second structure 1s disposed
between two {irst structures or a configuration in which the
first structure 1s disposed between two second structures
may be adopted.

INDUSTRIAL APPLICABILITY

In a vacuum apparatus or the like, the present disclosure
1s widely applicable to a gate valve used for switching
between: a state of 1solating a flow passage that connects two
spaces diflerent from each other 1n characteristics such that
a degree of vacuum, a temperature, or a gas atmosphere; and
a state where the 1solation state 1s released. Additionally,
since a hydraulic circuit 1s a closed circuit in the present
disclosure, regardless the installation posture of the gate
valve, 1t 1s possible to maintain a safe and reliable operation
state.

DESCRIPTION OF REFERENCE NUMERALS

5 . . . neutral valve body (valve body)
10, 10a, 1056 . . . valve box

10A, 10B . . . valve box inner surface
11 . . . hollow portion

12a . . . first opening portion

1256 . . . second opening portion

20 . . . rotation shaft

30 . .. neutral valve (arm)

30a . . . circular portion

306 . . . rotation portion (arm)

40 . . . movable valve

50 . . . movable valve B (second movable valve, movable
valve plate: counter plate)

51 . . . second seal portion (counter cushion)

52 . . . third seal portion (slide sealing packing)

60 . . . movable valve A (first movable valve, movable valve
frame: slide valve plate)

61 . . . first seal portion (valve plate sealing packing)

65 . . . position regulation portion

658 . . . ball plunger

70 . .. force-applying unit A (first force-applying unit, lifting
and lowering mechanism)

71 . . . fixed portion

72 . . . movable portion

728 . . . ball plunger

80 . . . force-applying unit B (second force-applying unit,
holding spring)
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. . holding spring (guide) pin
. . Torce-applying unit C (third force-applying unit,

auxiliary spring)

91 . .
100 . .
700 . .
701 . .
702 . .
703 . .
704 . .
705 . .
7006 . .
707 . .
710 . .
711 . .
712 ..
713 . .
714 . .
720 . .
721 . .
722 . .
730 . .

731

731c . .

732

. auxiliary spring (pressure applying) pin
. gate valve
. hydraulic driver (incompressible-fluid driver)
. hydraulic pressure generator
. hydraulic pipe
. solenoid valve
. changeover valve
. drive unait
. controller (control unit)
. power supply
. hydraulic cylinder
. cylinder body
. piston
. hydraulic flow passage
. hydraulic space
. Torce-applying member
. Inner spring
. outer spring
. cylinder drive unit
. drive shatt
. ball screw

.. . screw drive gear
732¢ . .

. 1nner screw surface

7324 . . . outer gear
733d . . . drive gear

733e . .
734 . .
735 ..
736 . .
737 . .
750 . .
7351 . .
752 ..
7353 ..
754 . .
7355 ..
756 . .
7357 . .
738 . .

760

. drive gear
. rotation shaft
. drive gear
. rotation shaft
. drive gear
. casing
. casing tube
. casing lid
. rear casing
. ring,
. Storage space
. rear space
. slide groove
. Iid
. limiter switch

What 1s claimed 1s:

1.

d

A gate valve, comprising;

valve box having a hollow portion, a first opening
portion, and a second opening portion, the first opening
portion and the second opening portion being provided
so as to face each other with the hollow portion
interposed therebetween and forming a tflow passage
passing through the hollow portion;

a neutral valve body that 1s arranged 1n the hollow portion

of the valve box and 1s capable of sealing the first
opening portion; and

a rotation shaft that functions as a position switcher that

drives the neutral valve body between a valve sealing
position at which the neutral valve body 1s 1n a state of
sealing the first opening portion and a valve opening
position at which the neutral valve body 1s 1n an open
state of being retracted from the first opening portion,
the rotation shait having an axis line extending 1n a flow
passage direction, wherein

the neutral valve body comprises: a neutral valve con-

nected to the position switcher; and

a movable valve connected to the neutral valve so that a

position thereof with respect to the neutral valve 1n the
flow passage direction 1s changeable,
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the movable valve comprises a movable valve frame and

a movable valve plate, the movable valve frame includ-
ing a seal portion that i1s provided thereon, 1s circum-
ferentially provided on the movable valve, and 1s to be
in close contact with a valve box inner surface located
at a periphery of the first opening portion, the movable
valve frame being connected to the neutral valve so that
a position thereol with respect to the neutral valve 1n
the flow passage direction i1s changeable, the movable
valve plate being slidable relative to the movable valve
frame in the flow passage direction, and wherein

the gate valve comprises: a plurality of first force-apply-

ing units built in the valve box; a second force-applying
unit disposed between the movable valve frame and the
movable valve plate; and a third force-applying unit,
cach of the first force-applying units including a fixed
portion and a movable portion, the fixed portion being
disposed 1nside the valve box and being driven by
incompressible fluid, the movable portion extending
and contracting in a direction from the fixed portion
toward the movable valve frame by the mncompressible
fluid of the fixed portion,

the third force-applying unit causes the movable valve

frame to connect the neutral valve so that a position
thereol with respect to the neutral valve in the flow
passage direction 1s changeable, and the third force-

applying unit applies a force to the movable valve
frame to be directed to a center position in the tlow

passage direction,

the first force-applying units are driven by the incom-

pressible flud and have a tunction of applying a force
to the movable valve frame to be directed to the first
opening portion in the flow passage direction and
thereby causing the seal portion to be 1n close contact
with the valve box iner surface located at the periph-
ery of the first opeming portion,

the second force-applying unit drives the movable valve

frame and the movable valve plate so that thicknesses
thereol 1n the flow passage direction are changeable,
and

the gate valve includes an incompressible-fluid driver that

drives the first force-applying units by the imncompress-
ible fluid so as to cause the seal portion to be in close
contact with the valve box inner surface located at the
periphery of the first opening portion.

. A gate valve, comprising:

valve box having a hollow portion, a first opening
portion, and a second opening portion, the first opening
portion and the second opening portion being provided
so as to face each other with the hollow portion
interposed therebetween and forming a tlow passage
passing through the hollow portion;

a neutral valve body that 1s arranged 1n the hollow portion

of the valve box and 1s capable of sealing the first
opening portion; and

a rotation shaft that functions as a position switcher that

drives the neutral valve body between a valve sealing
position at which the neutral valve body 1s 1n a state of
sealing the first opening portion and a valve opening
position at which the neutral valve body 1s 1n an open
state of being retracted from the first opening portion,
the rotation shait having an axis line extending 1n a flow
passage direction, wherein

the neutral valve body comprises: a neutral valve con-

nected to the position switcher; and



US 11,092,246 B2

37

a movable valve connected to the neutral valve so that a

position thereot with respect to the neutral valve 1n the
flow passage direction 1s changeable,

the movable valve comprises a movable valve frame and

a movable valve plate, the movable valve frame includ-
ing a seal portion that 1s provided thereon, 1s circum-
ferentially provided on the movable valve, and is to be
in close contact with a valve box inner surface located
at a periphery of the first opening portion, the movable
valve frame being connected to the neutral valve so that
a position thereol with respect to the neutral valve 1n
the flow passage direction i1s changeable, the movable
valve plate being slidable relative to the movable valve

frame 1n the flow passage direction, and wherein

the gate valve comprises: a plurality of first force-apply-

ing units built 1n the valve box;

and a second force-applying unit disposed between the

movable valve frame and the movable valve plate, each
of the first force-applying units mncluding a fixed por-
tion and a movable portion, the fixed portion being
disposed inside the valve box and being driven by
incompressible fluid, the movable portion extending
and contracting 1n a direction from the fixed portion
toward the movable valve frame by the incompressible
fluid of the fixed portion,
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the first force-applying units are driven by the incom-

pressible fluid and have: a function of applying a force
to the movable valve frame to be directed to the first
opening portion in the flow passage direction and
thereby causing the seal portion to be 1n close contact
with the valve box iner surface located at the periph-
ery of the first opeming portion;

and a function of causing the movable valve frame to

connect the neutral valve so that a position thereof with
respect to the neutral valve in the tlow passage direc-
tion 1s changeable and applying a force to the movable
valve frame to be directed to a center position 1n the
flow passage direction,

the second force-applying unit drives the movable valve

frame and the movable valve plate so that thicknesses
thereol 1n the tlow passage direction are changeable,
and

the gate valve includes an incompressible-tluid driver that

drives the first force-applying units by the incompress-
ible fluid so as to cause the seal portion to be 1n close

contact with the valve box inner surface located at the
periphery of the first opening portion.
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